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Parasites of the Oriental Fruit Moth in Virginia 


M. L. Boss,* Virginia Agricultural Experiment Station, Blacksburg 


For a number of years a project has 
been in operation providing for the libera- 
tion of parasites of the oriental fruit moth, 
Grapholitha molesta (Busch), by the U. S. 
Department of Agriculture, Bureau of 
Entomology and Plant Quarantine in co- 
operation with the Virginia Agricultural 
Experiment Station. A number of species 
of parasites have been liberated and re- 
covery studies have been made. 

This paper is a report on collections of 
larval parasites made independently of 
the above cooperative project. A_ brief 
note will be given, however, on the libera- 
tions made by the Bureau, since these lib- 
erations necessarily have a bearing on the 
results obtained in the work. 

LiperaTions.—The parasite Macro- 
centrus ancylivorus Roh. was first liberat- 
ed in this state in 1931. Since that date 
other liberations of this parasite have 
been made in 18 different localities. 

Metuops.—Peach twigs infested with 
oriental fruit moth larvae were collected 
at the following points in the state: Rock- 
ingham County, in one orchard at Broad- 
way and three at Timberville; Albemarle 
County, in four orchards at Crozet, two at 
Greenwood, one at Batesville and one at 
Afton; Augusta County, in two orchards 
at Waynesboro and one at Staunton; Nel- 
son County, in one orchard at Lovingston 
and one near Covesville; Amherst Coun- 
ty, in two orchards at Elon and one at 
Monroe; and Botetourt County, in one 
orchard. From 1935 to 1938, inclusive, 
collections were made in Albemarle Coun- 
ty during the first, second and third 
broods of the oriental fruit moth. There 
were no collections made, however, during 
the third brood in 1937 and 1938 because 
of the hardening of the twigs. 

* The writer wishes to acknowledge his indebtedness to the 
following men for identifications: R. A. Cushman, identification 
of Glypta rufiscutellaris Cress., Pristomerus ocellatus Cushm., 
Dioctes obliteratus (Cress.), Cremastus minor Cushm. and Cre- 
mastus grapholithae Cushm.: and C F. W. Muesebeck, identifi- 


cation of Macrocentrus ancylirorus Roh., Macrocentrus instabilis 
Mues. and Eubadizon pleurale Cress 


The twigs were put in battery jars, and 
apples were added to furnish food for lar- 
vae that could not complete their growth 
in the twigs. Strips of corrugated paper 
were also added to provide cocooning 
quarters for the larvae when mature. 
Each morning the jars were examined and 
any moths and parasites present were re- 
moved. The following data were recorded 
for each parasite: Name of orchard in 
which collected; locality; date of collec- 
tion of twigs; and date of emergence. Spec- 
imens of the parasites were submitted to 
the Division of Insect Identification, Bu- 
reau of Entomology and Plant Quaran- 
tine, for identification. The percentages of 
parasitism given in this paper were cal- 
culated from the number of moths and 
parasites reared to maturity, the indi- 
viduals dying in immature stages not be- 
ing considered in the calculations. 

Resutts.—Ten species of parasites 
were reared from the fruit moth larvae 
collected, table 1. The total parasitism by 
all species was 47.44 per cent. Recoveries 
were made of one of the liberated species 
of parasites, Macrocentrus ancylivorus. Of 
the parasites reared, only two species, M. 
ancylivorus and Glypta rufiscutellaris Cress. 
were sufficiently numerous to have been 
of value in the control of the fruit moth. 
Discussions of these two species and also 
of M. delicatus Cress. are given below. A 
single individual identified as Ascogaster 
quadridentatus Wesm. was reared. This is 
the name now applied to the species which 
was previously known in the United 
States as Ascogaster carpocapsae (Vier.) 
and which is a common parasite of the 
codling moth in Virginia. 

Macrocenrrus AncYLivorus.—tThis par- 
asite has been by far the most abun- 
dant species reared. In the seasons 1937 
and 1938, it has represented 78.44 per 
cent of all the parasites reared and has ac- 
counted for an average of 37.21 per cent 
parasitism of fruit moth larvae. In Albe- 
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marle County, where it was first liberated MACROCENTRUS DELICATUS,—In these stud- 
in 1931, there was a parasitism of 60.82 ies Macrocentrus delicatus has been of lit- 
and 60.16 per cent in 1937 and 1938, re- _ tle value as a parasite of the oriental fruit 
spectively. In Rockingham and Augusta moth. Only 1.77 per cent of the parasites 
counties, where it had also been liberated reared in 1937 and 1938 were of this spe- 
as early as 1931, however, a parasitism of cies, and it accounted for a parasitism of 
only 0.15 and 0.61 per cent, respectively, only 0.85 per cent of the larvae collected. 
in 1938, was found. The parasite was liber- In Albermarle County the parasite has 
ated in small numbers in Nelson County been reared in large numbers from the 


Table 1.—Moths and parasites reared from oriental fruit moth larvae collected in peach twigs in 1937 and 1938. 





Counties From Watcu Twies Were Coiiectep | 
Rock- Au- . 
ingham Albemarle guete Nelson Amherst Botetourt Toran 
Items 1988 1937 1938 1938 1937 1938 19387 1938 1937 1938 | 1987 1938 
Moths 
Number $54 75 2458 231 55 i4 73 261 168 lll $71 1,314 
Parasites* 

Macrocentrus ancylirorus Roh 

Number l 118 373 2 2 116 23 558 143 1,050 

Per cent parasitism 0.15 60.82 60.16 0.61 3.45 84.67 11.11 | 82.79) 26.88 39.27 
M acrocentrus delicatus Cress 

Number I 4 6 16 - 16 il 

Per cent parasitism 0.15 1.23 2.21, 7.73 3.01 0.41 
Glypta rufiecutcllaris Cress 

Number 185 2 86 2 + - 0 279 

Per cent parasitism 28.64 0.32 26.46 1.46 1.47 0.0 10.48 
WU acrocentrus instamilis Mues 

Number 1 0 1 
Pristomerus ocellatus Cushm 

Number l 2 0 3 
Euhadizon pleurale Cress 

Number 2 0 2 
Cremastus minor Cushm. 

Number 2 } 0 7 
Cremastus grapholithae ¢ ushm 

Number . l 5 l 5 
Dicetes obliteratus (Cress 

Number 2 0 2 
{ srogaster qu idridentatusWesm 

Number l - — l 0 





* The percentages of parasitism are given in the table only for the first three species, since the other species are represented 
merely by a few scattered individuals. These percentages are based upon the number of moths and parasites that emerged from the 
material] collected. 


in June, 1936, and there followed a para- ragweed borer during the past 4 years, but 
sitism of 3.45 per cent in 1937 and 84.67 not an individual has been reared from 
per cent in 1938. In Botetourt County, fruit moth larvae. In Botetourt County, 
where liberations were also made in 1936, 41.03 per cent of all the parasites reared in 
parasitism was 11.11 per cent in 1937 and =1937 were M. delicatus, but none of this 
82.79 per cent in 1938. species were reared in 1938. In Amherst 
It is apparent that a high percentage of County, M. delicatus was the predominat- 
larval parasitism is necessary during the ing species in 1938, although it was re- 
first two broods of the oriental fruit moth sponsible for a parasitism of only 2.21 per 
in order to be of value in reducing fruit cent of the larvae that were collected in 
infestation during the third brood. Table _ that year. 
2 gives the parasitism of first, second and GLYPTA RUFISCUTELLARIS.—In the num- 
third brood larvae, all or in part, by Mac- ber of individuals reared, Glypta ru- 
rocentrus ancylivorus in the years 1935 to fiscutellaris ranks next to Macrocentrus 
1938, inclusive. As may be noted, a para- ancylivorus. It may be seen in table 1, how- 
sitism of 94.60 per cent was reached dur- ever, that parasitism by this insect was 
ing the second brood in 1938. somewhat irregular. The material collect- 
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ed in Rockingham and Augusta counties 
showed a parasitism of 28.64 and 26.46 
per cent, respectively, in 1938, whereas 
few individuals were reared from collec- 
tions made elsewhere. The parasite was 
responsible for a parasitism of 8.70 per 
cent of all the larvae collected and repre- 
sented 18.34 per cent of all the parasites 
reared in these experiments. 

Aut Orner Spectes.—Only occasional 
individuals of parasites other than the 


Table 2.—The percentage of parasitism of oriental fruit 
moth larvae by Macrocentrus ancylivorus Roh. in Albe- 
marle County, 1935-1938. 





AVERAGE 
Per CENT oF 


N UMRER OF 


Broop or OrncHarps 


Year LARVAE COLLECTED PARASITISM* 
1935 Second 3 46.22 
Third 4 51.60 
1936 First 7 8.08 
Second 1 14.29 
Third 1 87.50 
1987 First l 22.22 
Second 2 68.45 
1938 First 5 50.42 
Second ; 94.60 
Average First 4.3 26.91 
Second 8.3 55.89 
Phird 2.5 69.55 





* Based upon the number of moths and parasites that emerged 
from the material collectec 


species given above were reared, table 1. 
A combined parasitism of only 0.69 per 
cent was found for the seven species in- 
cluded here. 
PROPORTION OF SExEs.—With each 
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species of parasites reared in 1938, the fe- 
males greatly outnumbered the males, 
table 3. The proportion of sexes for all the 
species combined was approximately 
three-fourths females, one-fourth males. 


Table 3.—Percentage of male and female parasites 
reared from oriental fruit moth larvae in 1938. 








Sex 

NUMBER Females Males 

or Inpi- (Per (Per 

SPECIES VIDUALS Cent) Cent) 
Macrocentrus ancylivorus Roh. 1050 76.10 23.90 
Macrocentrus delicatus Cress. 10 80.00 20.00 
Glypta ru fiseutellaris Cress. 279 64.16 35.84 
All others 20 80.00 20.00 
Total or average 1259 75.06 24.94 





SumMMARY.—Ten species of parasites 
were reared from oriental fruit moth lar- 
vae collected in Virginia in 1937 and 1938. 
Macrocentrus ancylivorus was, by far, the 
most important parasite, 78.44 per cent 
of all the individuals reared being of this 
species. It was responsible for a parasitism 
of 37.21 per cent of the larve collected, 
and in 1938 a parasitism of second 
brood larvae of 94.60 per cent by M. 
ancylivorus was found. Parasitism by 
Glypta rufiscutellaris was high in some or- 
chards but low in others. In these stud- 
ies, 18.34 per cent of all the parasites 
reared were of this species. The propor- 
tion of sexes for the parasites of all spe- 
cies reared in 1938 was approximately 
three-fourths females, one-fourth males. 

6-29-39. 


Insecticides for June Beetle Control* 


Bernarp V. Travist and G. C. Decker,{ Iowa Agricultural Experiment Station, Ames 


Few references to the use of insecticides 
for the control of adult June beetles are to 
be found in the voluminous economic lit- 
erature on Phyllophaga. Smith (1889) re- 
ported upon the use of London purple as a 
spray on fruit trees. Vickery & Wilson 
(1919) utilized lead arsenate both as a 
spray and as a dust in southwestern cot- 
ton fields. Fluke & Ritcher (1935) applied 
lead arsenate sprays to prevent defolia- 
tion of oak trees in Wisconsin. Travis & 


* Journal Paper No. J-610 of the Iowa Agricultural Experi 
ment Station, Ames, Iowa; Project No. 128 

t Resigned Sept. 1, 1935, to accept a position in the Bureau 
of Entomology and Plant Quarantine, U.S. Department of Agri- 
culture. 

_} The writers wish to acknowledge the kind assistance of 
W. L. McAtee, for editing the manuscript, and of Dr. C. J. Drake, 
who was director of the grub worm project. 


Decker (1933) demonstrated reasonably 
effective kills with calcium arsenate in 
cage tests. 

The results obtained in those tests and 
the new data included in the present pa- 
per are in accord with those obtained in 
the leaf-sandwich type of experiments 
conducted by Travis (1936) and Andre & 
Pratt (1936). 

Marteriats.—The beetles, Phyllophaga 
implicita (Horn), used in all these experi- 
ments were collected from American elm 
and willow trees. They were then confined 
in screened cages over moist soil and pro- 
vided with foliage from the species of tree 
from which they had been taken. 

All insecticides tested, except the sodi- 
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um fluoride, which was a proprietary prep- The cages were kept in a screened in- 
aration, were diluted to contain two parts sectary where the beetles were exposed to 
commercial insecticide to three parts ben- the normal outdoor temperature varia- 
tonite by weight. tions, and each day an examination was 

Mertuops.—Except in series V of the made to determine the number dead and 
tests, fresh elm and willow leaves were alive. In view of the differences in their 
sprayed with a mist of water to simulate normal death rate and to a noticeable var- 
leaves dampened by fog or dew. This foli- _iation in their susceptibility to poisoning, 
age was then dusted with an insecticide the sexes were tested separately. Indi- 
and placed in the beetle cages. viduals that did not move their legs when 

Duplicate series of 50 female beetles gently pressed on the venter were con- 
were used in each test; one received poi- sidered dead. 


Table 1.—Percentages of June beetles dead 144 hours after feeding on foliage dusted with various 
dosages of lead arsenate and calcium arsenate, 1933. 





Deap Fema.Le Beet_es Deap Mate BeetLes 





Series Number Series Number 


DosaGE AND —- — —_————| Weighted Weighted 
TREATMENT I II Ill IV V VI Mean I II Ii! Mean 
Leap ARSENATE 

Light 1 night 86 $2 80 80 76 86 74 88 16 92 65 
Light 2 nights 94 S4 90 92 84 94 90 96 60 92 83 
Moderate 1 night 82 66 84 84 84 86 81 88 88 92 89 
Moderate 2 nights 96 90 98 98 96 92 95 80 100 100 93 
Heavy 1 night 86 92 92 98 90 76 SS 84 96 92 91 
Heavy 2 nights 98 100 100 100 92 100 98 100 88 100 96 


Catctum ARSENATE 


Light 1 night 16 10 10 46 12 14 18 52 s 20 27 
Light 2 nights 74 28 0 76 20 26 52 06 12 s+ 64 
Moderate 1 night $8 18 26 70 30 22 36 92 24 68 61 
Moderate 2 nights 74 16 72 o4 50 86 70 92 72 88 84 
Heavy 1 night S4 30 $2 80 24 56 51 88 28 84 67 
Heavy 2 nights 94 80 84 96 68 80 8+ 92 $8 =:100 80 


CONTROLS 





No food 10 0 6 28 s 16 11 28 32 Ot 
Untreated food t 6 22 34 8 18 15 20 20 48 29 
soned foliage only one night, the other Data on the length of time the beetles 


two nights in succession. The number of — will feed upon poisoned foliage were ob- 
males available was not sufficient to allow _ tained by confining individuals in 4-ounce 
duplicate tests. Fresh untreated leaves  stender dishes in a dimly lighted room, 
were provided when dusted foliage was and watching carefully to see how long 
not in the cages. Four controls of 25 in- _ they fed upon leaves dusted with lead ar- 
dividuals each were used in each test; two senate and calcium arsenate in the same 
received no food and two were given un- proportions as were used in the cage tests. 
treated food when the test series of beetles Leap Arsenate.—This insecticide was 
were offered dusted leaves. tested on female beetles in six experiments 

In these experiments, the insecticides and on males in three (see table 1). These 
were used in three dosages which were _ tests, with the exception of II and V, were 
rated by comparison with practical dust- conducted under comparable conditions. 
ing of elm trees as: (1) light, 1-1} pounds In experiment II, beetles that were col- 
per tree; (2) moderate, 8 pounds; and (3) _ lected from willow ate sparingly of treated 


heavy, 45 pounds. elm leaves which they were given by mis- 
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take, and this error in feeding evidently 
lowered the percentage of mortality. Al- 
though Phyllophaga implicita was collect- 
ed on both willow and elm, those indi- 
viduals taken on willow did not feed freely 
on elm leaves and vice versa. 

It should be noted that very little of the 
poisoned foliage was consumed by the 
beetles in any of these tests. Much of the 
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ries. More of the poisoned foliage was con- 
sumed, but the percentage of mortality 
from the different treatments varied con- 
siderably, fig. 1. It should be noted that 
the results obtained in series IT and V are 
low for the reasons previously noted. 

The calcium arsenate used in the M.L. 
D. experiments (Travis 1936) was ana- 
lyzed and found to contain CaO, 33.16 























- = = moh 

0 24 48 72 96 (20 144" 
HOURS AFTER TREATMENT i 
LEAD ARSENATE ee 


4 


+ 
} 





HE AV Y} 


A 


W MODERATE 


Fic. 1.—AA’ graphs illustrating the percentages of beetles, Phyllophaga implicita, dead at 24-hour intervals 
after treatment with calcium and lead arsenate. The dosage of the arsenical and the number of nights poi- 
soned foliage was offered is indicated as follows: H1N, heavy one night; H2N, heavy two nights; MIN, 
moderate one night; M2N, moderate two nights; LN, light one night; L2N, light two nights; CF, control 
fed; CNF, control not fed; BB’ graphs illustrating the differences in effectiveness of one and two nights of 
treatment as judged by the results 144 hours after treatment with lead and calcium arsenate. Iowa, 1933, 


poison was shaken from the leaves by the 
activity of the beetles immediately follow- 
ing the emergence. This is particularly re- 
flected in the reduced kill in experiment 
V, in which the leaves were dusted dry. 
Lead arsenate was so toxic that the differ- 
ences in mortality resulting from the vari- 
ous applications of the poison were not 
large, fig. 1. 

Caucitum ArsENATE.—The calcium ar- 
senate tests were conducted at the same 
time as those with lead arsenate, and the 
same set of controls was used for both se- 


per cent; AseO;, 31.23 per cent; and water 
soluble As2O;, 0.29 per cent; while that 
used in the present cage tests was a pro- 
prietary sample. The analyzed arsenate 
was not so toxic as the commercial prod- 
uct to June beetles in these experiments 
nor to silkworms used in subsequent tests. 

MaGNesium ARSENATE.—Heavy appli- 
cations of this insecticide failed to pro- 
duce mortality significantly greater than 
that occurring in the controls even though 
the beetles ate rather freely of the dusted 
foliage. In one test, where the leaves were 
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first dipped in water and then rolled in 
magnesium arsenate, 64 per cent of the 
beetles were dead 144 hours later. 

Sopium Fivositicate.—Either sodium 
fluosilicate is only slightly toxic to June 
beetles, or insufficient amounts were eaten 
to produce mortality significantly greater 
than that among the controls. 

INERT CompouNpDs.—None of the fol- 
lowing inert compounds tested proved to 
be noticeably toxic: lime, bentonite, sul- 
fur, whiting, magnesium carbonate, gyp- 
sum, diatomaceous earth, kaolin. All of 
these substances that are employed as 
fillers in insecticides were fed to the beetle 
on two successive nights. With sulfur, 
whiting, lime and bentonite, the average 
mortality was slightly higher than in the 
control cages, but the differences are not 
considered significant. Lead carbonate, 
which is not used as a diluent, was tested 
to learn what effect the lead might have 
upon June beetles; apparently it had none. 

Sprays.—Lead arsenate and calcium 
arsenate were also tried in spray suspen- 
sions of 1 and 2 pounds of the arsenate to 
50 gallons of water, with a potassium soap 
as a supplement. 

The mortality rate in the tests was con- 
siderably lower than in the dust series. 
This was apparently because the willow 
leaves were so waxy at the time the spray 
was applied that a uniform spread could 
not be obtained. The percentages of mor- 
tality for the 1 pound mixture were as fol- 
lows: one night, 12; two nights, 40; for 2 
pounds, one night, 62; two nights, 70. The 
respective percentages for calcium arse- 
nate were 48, 34, 28 and 38. 

FieLtp Tests.—When trees which had 
been dusted with lead arsenate at sun- 
down were examined at midnight, only a 
few beetles remained, and these were feed- 
ing upon leaves practically free of arse- 
nates. Fifty-eight per cent of the beetles 
collected at that time died within 96 hours. 
This moderate percentage of mortality, 
and the fact that the number of beetles 
observed at midnight was much lower 
than that observed 3 hours earlier, indi- 
cated that the beetles had ceased feeding 
on the heavily dusted leaves and had de- 
parted. 

In subsequent tests beetles were col- 
lected from the treated trees as soon as 
they stopped feeding. Of the beetles thus 
picked from trees dusted with lead ar- 
senate, 80.2 per cent were dead within 96 
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hours; only 29.3 per cent died within the 
same period with calcium arsenate as the 
insecticide. Fifteen per cent of the beetles 
collected from untreated trees died within 
the same period. 

InpivipuAL Frepinc Tests.—It was 
observed both in the field and in cage tests 
that the beetles did not feed readily on 
foliage dusted with an arsenical. Many in- 
dividuals would not eat the poisoned foli- 
age the first night offered. 

In the individual feeding tests, however, 
the amount of poison on the foliage 
seemed to have little effect on the percent- 
ages of beetles feeding. In all cases the in- 
sects were left in the dishes with the leaves 
one night. Forty-nine per cent that were 
offered leaves treated with calcium ar- 
senate, 31 per cent given leaves dusted 
with lead arsenate and 14 per cent of the 
control beetles refused to eat. 

The average length of time that the 
beetles fed upon foliage dusted with lead 
arsenate is as follows: light dosage, 71.1 
minutes (range 15-150 minutes); moder- 
ate, 60.6 minutes (range 12-99 min- 
utes); heavy, 50.3 minutes (range 10-87 
minutes); with calcium arsenate: light, 


62.1 minutes (range 21-135 minutes); 
moderate, 31.3 minutes (range 4-107 
minutes); heavy 45.5 minutes (range 


16-91 minutes). 

In these feeding tests only 5.2 per cent of 
the beetles returned to feed a second time; 
4 per cent of these had been fed lead ar- 
senate and 1.2 per cent calcium arsenate. 

Regardless of the length of time they 
had fed, practically all the beetles that 
ate the poisoned foliage died within 96 
hours. Only two of 92 beetles survived the 
calcium arsenate experiment and all of the 
82 beetles in the lead arsenate tests died. 
Of the 49 beetles that refused to eat, only 
6 died. Of the 174 beetles feeding on 
poisoned foliage, 79, 16, 3 and 1 per cent 
died in 24, 48, 72 and 96 hours, respec- 
tively. One per cent survived. 

Discussion oF Darta.—lIn 
June beetles are not good subjects for cage 
tests. They tend to congregate on the sides 
of the cage and it is frequently necessary 
to brush them down on to the food offered. 
In the early evening their movements 
often knock a considerable proportion of 
the dust from treated foliage, particularly 
if the leaves are dry. Furthermore, some 
of the beetles remain in the soil and do 
not emerge to feed each night. Individual 


general, 
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feeding experiments showed that a num- 
ber of beetles failed to eat poisoned foli- 
age when it was offered only one night. 
However, few beetles survived after feed- 
ing only once upon leaves poisoned with 
lead arsenate or calcium arsenate. No 
doubt the fact that some beetles did not 
feed each night was partially responsible 
for much of the variation in the results of 
these experiments. The bar graphs, fig. 1, 
illustrate the differences in effectiveness of 
lead arsenate and calcium arsenate when 
offered one and two nights to the same in- 
dividuals. 

In the presentation of the results of 
these cage tests, the data for the sixth day 
were selected because mortality of the 
beetles after that time was obviously not 
due entirely to effects of the poison, table 
1. In the lead arsenate experiments the 
death curves start to flatten at about 48 
hours; in those with calcium arsenate they 
do not flatten until about 72 hours. 

Since the death rate in the male control 
series was so high, mortality curves for 
that sex are not presented. In the field, 
the females are often active as long as 2 
weeks after the males of this species have 
disappeared. 

Captive June beetles tend to feed more 
freely on the kind of foliage upon which 
they have previously fed—a fact illus- 
trated when Phyllophaga implicita adults 
collected from American elm failed to cat 
freely of willow leaves in the cage. In na- 
ture, beetles of this species could be found 
in some numbers on willow 2 weeks after 
they had practically disappeared from 


Travis & Decker: Junge BEETLE CONTROL 


611 


elms. Collection records indicate that P. 
implicita feeds most freely on willow and 
poplar trees. 

It appears from these experiments that 
lead arsenate dusted on the foliage is suf- 
ficiently effective as an insecticide to offer 
some promise in control of June beetles. 
Calcium arsenate seems less potent than 
lead arsenate. It should be noted that the 
waxy coating of the leaves of some plants 
in the early spring is a handicap to uni- 
form applications of dusts or sprays. 
When leaves are fully expanded, later, 
this difficulty is not so evident, but by 
that time most of the beetles have ovi- 
posited. 

SummMary.—In laboratory tests light 
applications of lead arsenate dust (1—1} 
pounds per tree) killed 74 to 90 per cent 
of caged June beetles; moderate applica- 
tions (3 pounds per tree), 81 to 95 per 
cent; and heavy applications (44 pounds 
per tree), 88 to 98 per cent. Similar appli- 
cations of calcium arsenate dust killed 18 
to 52 per cent, 36 to 70 per cent and 51 to 
84 per cent, respectively. Magnesium ar- 
senate and sodium fluosilicate did not 
prove effective. Lead arsenate and calci- 
um arsenate sprays were not so effective 
as the dusts because the waxy coating of 
the leaves prevented even coverage. In 
field tests 80.2 per cent of the beetles died 
after feeding on foliage dusted with lead 
arsenate and 29.3 per cent on leaves dust- 
ed with calcium arsenate. In individual 
feeding tests, June beetles fed longer on 
foliage dusted with lead arsenaté than 
with calcium arsenate.—1-6-39. 
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T. McCarrny, Senior Assistant Entomologist, 
Department of Agriculture, New South Wales, 
visited the United States in the early summer and 
into August, primarily to study methods of grass- 
hopper control in this country. Extended observa- 
tions of field activities were made in Montana, and 
the work in Colorado and areas of the northern 
Great Plains was also studied. Problems relating to 


the work were discussed by Mr. McCarthy with 
project workers at the Minneapolis field head- 
quarters and also at Washington, D. C. 


Perer Bisset, who has been in charge of the 
Plant Inspection House in Washington, D. C., for 
the past 13 years, was retired on April 29, 1939. 
Mr. Bisset was succeeded by H.S. Dean. 








The Role of Calcium Hydroxide in Preventing Hydrogen 
Sulfide From Decomposing Lead Arsenate 


J. M. Gryssure and L. E. Perteut, New Jersey Agricultural Experiment Station, New Brunswick* 


During recent studies on chemical reac- 
tions of lead arsenate—lime sulfur sprays, 
Ginsburg & Perigut (1938) have definitely 
shown that small quantities of hydrogen 
sulfide, present in spray mixtures, readily 
decompose acid lead arsenate, releasing 
large amounts of soluble arsenic, and that 
‘alcium hydroxide tends to prevent this 
reaction. While hydrogen sulfide is gen- 
erally not present in clear waters, it may 
be found in waters taken for spraying 
from stagnant ponds, polluted wells and 
similar sources where putrefaction of pro- 
teinaceous matter takes place. It may also 
be introduced directly into arsenical 
sprays by the use of sulfur fungicides. In 
small quantities it may remain embedded 
in the caked residue from lime sulfur 
sprays in uncleaned spray tanks. Finally, 
H.S may be formed on foliage by the ac- 
tion of certain organic reducing sub- 
stances, such as glutathione in leaf tissue 
and in fungous spores, on sulfur deposited 
from sulfur fungicides. 

This biochemical process of reducing 
sulfur to H.S has been well established by 
many investigators. The work of Marsh 
(1929), Barker (1929), and Liming & 
Young (1930) has definitely shown that 
many species of higher plants are capable 
of producing H.S when in contact with 
sulfur. A more recent investigation of this 
problem was conducted by McCallen & 
Wilcoxon (1931). These authors report 
that “all species of plants tested were 
found to evolve H.S when in association 
with sulfur.” Their tests were carried out 
on the attached leaves of 26 species of 
higher plants, and on spores of many spe- 
cies of fungi. 

Briefly, there seem to be many possi- 
bilities for hydrogen sulfide to find its 
way, directly or indirectly, into arsenical 
sprays. To what extent this gaseous com- 
pound can be held responsible for the con- 
tinual appearance, year after year, of ar- 
senical injury to apple trees in certain 
localities, or in some individual orchards 
within a locality, cannot be definitely 
stated. That its presence, however, may 


* Paper of the Journal Series. New Jersey Agricultural Ex 
periment Station, Department of Entomology 


be a contributing factor in the formation 
of water soluble arsenic from lead arse- 
nate appears certain. 

It was considered advisable to study 
this problem with the following objects in 
view: first, to determine to what extent 
H.S may influence the decomposition of 
lead arsenate; second, to determine the 
concentration of Ca(OH), necessary to 
counteract this reaction; third, to ascer- 
tain the exact role that Ca(OH), plays in 
this chemical reaction. 

Scope or Expertments.—The entire 
investigation consists of three series of ex- 
periments. The purpose of the first series 
was twofold: first, to ascertain to what 
extent hydrogen sulfide is capable of de- 
composing acid lead arsenate and, second, 
to determine the concentration of calcium 
hydroxide required completely to prevent 
this reaction. In these tests 2 grams 
PbHAsO, were added to 500 cubic centi- 
meters of water (approximately 3 pounds 
per 100 gallons) containing varying con- 
centrations of H.S with and without dif- 
ferent quantities of Ca(OH)... The mix- 
tures were allowed to stand for about 
24 hours at room temperature with fre- 
quent shaking and were then filtered. The 
filtrates were analyzed for soluble arsenic. 
In addition to the three ingredients being 
mixed simultaneously, in some tests the 
PbHAsO, was first mixed with the H.S 
solution, allowed to stand for 24 hours 
and filtered. The Ca(OH )» was then added 
to this filtrate, again shaken for 24 hours, 
filtered and analyzed for soluble arsenic. 
In other tests the procedure was reversed. 
The Ca(OH). was first mixed with H.S 
solution, and the PbHAsO, added to the 
filtrate, etc. The results of this series are 
given in table 1. 

The purpose of the second series was to 
ascertain the concentration of Ca(OH), 
and the length of time required to change 
the H.S into calcium sulfide or other sta- 
ble sulfur compounds. In these tests no 
PbHAsO, was used. Quantities of Ca- 
(OH), varying from 0.25 gram to 2 grams 
were mixed with 500 cubic centimeters of 
water containing 0.2 gram H,S. The mix- 
tures stood for different lengths of time, 
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Table 1.—Effect of various concentrations of calcium hydroxide in eliminating soluble arsenic 
from lead arsenate (2 grams in 500 cubic centimeters) and hydrogen sulfide mixtures. 





Grams H,S Per Cent GRAMS Per Cent Per Cent 


in 500 cc. H.S In Ca(OH), As.O, PbHAsO, 

Test No. SOLUTION SOLUTION ADDED ForMED DEcoMPosED 
<—e 0.05 0.01 None 3.5 12.5 

2 0.1 0.02 None 8.2 27.7 

3 0.2 0.04 None 11.6 39.0 

4 0.4 0.08 None 18.7 65.5 

5 0.2 0.04 0.25 5.1 17.85 

6 0.2 0.04 0.5 0.45 1.57 

7 0.2 0.04 1.0 0.26 0.91 

g 0.2 0.04 2.0 0.26 0.91 

9 0.4 0.08 2.0 0.42 1.5 

10 0.2 0.04 2.0* 0.43 1.5 

11 0.4 0.08 2.0* 0.40 1.4 

12 0.2 0.04 2.07 0.48 1.5 

13 0.4 0.08 2.07 0.438 1.5 

14 0.4 0.08 4.07 0.24 0.84 

15t None None None 0.21 0.73 





* Ca(OH); added to filtrates from H.S+PbHAsQ, mixtures. 
+ PbHAsO, added to filtrates from H:S+Ca(OH);: mixtures 
t Check, PhHAsO, only. 


with frequent shaking, in glass stoppered distilled water and laboratory prepared 
bottles and were then filtered. The hydrogen sulfide were employed. The 
amounts of free H,S still remaining in the HS was prepared in an improvised Kipp 
filtrates were then determined. The re- generator by the action of hydrochloric 
sults from this series are given in table 2. acid on ferrous sulfide. The gas was 


Table 2.—Concentrations of calcium hydroxide necessary completely to react with hydrogen sul- 
fide during different periods of standing. 





HYDROGEN SULFIDE 


Grams in Per Cent 





REACTION GRAMS 500 Cubic Quantity Quantity Reacted 
PEeRIop Ca(OH Centimeters Recovered, Recovered, With 
Test No. In Hours ADDED Solution Grams Per Cent Ca(OH), 
16 20.0 0.25 0.2 0.0038 1.5 98.5 
17 20.0 0.3 0.2 0.003 1.5 98.5 
18 20.0 2.0 0.2 0.002 1.0 99.0 
19 1.0 2.0 0.2 0.0038 1.5 98.5 
20 0.5 2.0 0.2 0.02 10.0 90.0 
21 (Blank 20.0 2.0 None 0.002 1.0 -— 





In order definitely to identify the sul- washed by being passed through two re- 
fur compounds into which the H,S is agent bottles of water and was finally in- 


changed by the action of Ca(OH)s, the Tebhe 3.~-Saiher eemmeunie teabienad. 
third series of tests was carried out. Fil- — gigm hydroxide reacts with hydrogen sulfide. 
trates from 500 cubic centimeter mixtures —— 


containing 0.17 gram H.S with either 2 or Ca(OH), added to mixture (grams) 2.0 4.0 





4 grams Ca(OH )o, after 24 hours shaking, HS added to mixture (grams) 0.17 0.17 
were analvzed for sulfur as sulfide, thio- S, as H.S added to mixture (grams) 0.16 0.16 
. ‘ : . S, as sulfide found in filtrates 
sulfate and sulfate. The results from this (peme) 0.152 0.158 
series are given in table 3. S, as thiosulfate found in filtrates Trace Trace 
MATERIALS AND Metuops.—A stand- — as “sama a in —— None None 
‘ . =F . roe “i F % 2 changed to caicium sulfide -¥ 
ard commercial brand of acid lead arse- cant 8 pe 8. 9.0 


nate, chemically pure calcium hydroxide, 
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troduced into a large flask of distilled 
water. The generation was allowed to go 
on for about 1 hour, or until the water 
became fairly saturated with H.S. The 
exact concentration of hydrogen sulfide 
was then determined by the following 
method: Aliquot samples were treated 
with an excess of N/10 iodine and back 
titrated with N/10 sodium thiosulfate. 
From the number of cubic centimeters io- 
dine solution used up, the amount of H,S 
was determined. The actual amount of 
H.S thus incorporated in the water varied 
from 0.1 to 0.15 per cent, depending on 
the temperature. This served as a stock 
solution, which was further diluted with 
water to any desired concentration of 
HS. Fresh stock solutions were prepared 
immediately before tests were con- 
ducted. 

Because iodine also reacts with calcium 
sulfide and thiosulfate, a different pro- 
cedure was employed for analyzing H.S 
in filtrates from Ca(OH), mixtures. The 
bottle containing the filtrate was con- 
nected to a suction water pump; air was 
aspirated through the solution at the rate 
of 1 gallon per minute and received in 
duplicate reagent bottles, each containing 
50 cubic centimeters N/10 iodine. The 
excess iodine was then titrated with N/10 
sodium thiosulfate. Preliminary tests in- 
dicated that about 45 minutes of aeration 
was sufficiently long to remove all of the 
H.S from 500 cubic centimeters. This pe- 
riod was, therefore, used in all tests where 
aeration was required. 

For the analyses of sulfur as sulfide, 
thiosulfate and sulfate, the methods out- 
lined by the Association of Official Agri- 
cultural Chemists (1935) were followed. 

Soluble arsenic was determined by the 
following method: To 200 cubic centi- 
meters of filtrate add 6 cubic centimeters 
of concentrated H.SO,; boil down to 
about 50 cubic centimeters or until all 
the sulfur has precipitated, leaving a clear 
solution upon cooling, and filter. This 
procedure eliminates sulfides and thiosul- 
fates. From here on the method is exactly 
the same as that outlined by Mahin & 
Carr (1923). Dilute the filtrate with 
distilled water to 100 cubic centimeters; 
add 2 cubic centimeters of 50 per cent KI 
and evaporate to about 40 cubic centi- 
meters; cool, dilute to about 150 cubic 
centimeters; remove the iodine with 


Na,S.O;, add phenolphthalein indicator 
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and nearly neutralize with 40 per cent 
NaOH. Add an excess of NaHCO, and 
titrate the arsenic with N/40 iodine using 
starch as indicator. From the number of 
cubic centimeters iodine solution used, 
the per cent soluble arsenic is determined 
as As,O;. From these results the approxi- 
mate per cent PhHAsO, decomposed was 
calculated. 

All chemical analyses were made in 
duplicate and were repeated wherever the 
data of the two samples showed apprecia- 
ble variations. Averages of the results are 
presented in the tables. 

Errect or H.S on DecomposinGc Leap 
ARSENATE.—The results in table 1 defi- 
nitely show that H.S forms large amounts 
of soluble arsenic from acid lead arsenate 
(tests 1, 2, 3, 4). Concentrations of H.S as 
low as 0.01 per cent decomposed about 
12.5 per cent PbHAsQ,. Increasing the 
HS concentrations resulted in propor- 
tional increases of soluble arsenic. 

Errect or Ca(OH). ON PREVENTING 
DecomposiITION OF LEAD ARSENATE.— 
The data in table 1 definitely indicate 
that Ca(OH), when added in sufficient 
quantities, stops the reaction between 
H.S and PbHAsQO,. Apparently 1 gram 
Ca(OH), is the minimum quantity neces- 
sary tocounteract 0.2 gram H,S, as may be 
seen from test 7. In the filtrate from this 
mixture the per cent soluble arsenic was 
approximately the same as in the check, 
where no H,S was present. It further ap- 
pears, from a comparison of the data in 
table 1, that Ca(OH), plays here a double 
role. It prevents the decomposition of 
PbHAsO, by reacting with the HS to 
form less reactive or non-reactive sulfur 
compounds, as shown by tests 12, 13 and 
14. It also removes the soluble arsenic 
formed by the reaction of H2S and Pb- 
HAsQO,, as shown by tests 10 and 11, con- 
verting the soluble arsenic into insoluble 
calcium arsenate. When Ca(OH )» is added 
to H.S-PbHAsQO, mixtures both reactions 
probably take place. 

Errect oF Catcium HyproxipE ON 
HypROGEN Sutripe.—The results in ta- 
ble 2 suggest that about 1 hour is the min- 
imum length of time required for 0.2 gram 
H.S practically completely to disappear 
in the presence of an excess of Ca(OH), 
test 19. When the mixtures stood a half 
hour, 2 grams Ca(OH), reacted only with 
90 per cent of the 0.2 gram H,S. Samples 
standing 20 hours showed practically com- 
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plete elimination of hydrogen sulfide from 
solution in all the concentrations of cal- 
cium hydroxide used. 

Examining the results in table 3, it be- 
comes evident that calcium hydroxide 
changes the hydrogen sulfide almost en- 
tirely to calcium sulfide, since only traces 
of thiosulfate and no sulfate were found 
in the filtrates. No appreciable differences 
were observed between the effect of 2 and 
4 grams calcium hydroxide on 0.17 gram 
hydrogen sulfide. In each case the reaction 
was practically complete, giving from 95 
to 98 per cent calcium sulfide. 

Apparently, converting H.S into CaS 
does not prevent decomposition of Pb- 
HAsO, (test 5), unless an excess of Ca- 
(OH), is present. The reason for this is 
that calcium sulfide by itself, in low con- 
centrations, tends to decompose lead ar- 
senate, as shown by Ginsburg & Perglut 
(1938). 


SUMMARY AND ConcLusions.—A study 
was made on the decomposition of acid 
lead arsenate by hydrogen sulfide in spray 
mixtures, and means of preventing this 
reaction. Lead arsenate was mixed with 
water containing various concentrations 
of hydrogen sulfide, with and without dif- 
ferent quantities of calcium hydroxide. 
The filtrates of these mixtures were ana- 
lyzed for soluble arsenic. Chemical analy- 
ses were also made of the sulfur com- 
pounds formed from the reaction of H.S 
and Ca(OH)». The results suggest the fol- 
lowing conclusions: 

Small quantities of hydrogen sulfide de- 
compose acid lead arsenate, forming large 
amounts of soluble arsenic. Calcium hy- 
droxide readily reacts with hydrogen sul- 
fide, changing it to calcium sulfide. An 
excess of calcium hydroxide is required 
to prevent the decomposition of lead ar- 
senate by hydrogen sulfide.—1-6-39. 
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Effects of Heat Treatments of Some Calcium Arsenates on 
Their Toxicity to Silkworms and Bean Plants 


J. W. Buiecer and O. A. Netson,* [ 


’, S. Department of Agriculture, Bureau of 


Entomology and Plant Quarantine 


The chief limitation in the use of cal- 
cium arsenate as an insecticide has been 
its variability in composition and proper- 
ties, particularly in toxicity to plants. 
Howard & Fletcher (1933) in 1929 tested 
19 commercial brands of calcium arsenate 
and reported them to be extremely varia- 
ble in toxicity to plants. Chemical analy- 
ses of 16 of these samples by Smith & 
Murray (1931) did not reveal any correla- 


* The writers acknowledge material assistance rendered by 
Mrs. Abby H. Casanges. 


tion between their chemical constitution 
and their toxicity to bean foliage. Later 
studies by Howard & Davidson (1935) on 
five of the most toxic of these prepara- 
tions indicated that autoclaving for 2 
hours at 150 pounds’ pressure rendered 
them safe to bean foliage. The present 
work on calcium arsenates of known com- 
position was undertaken to study the ef- 
fect of heat treatments on their toxicity 
to insects and plants. 

MATERIALS AND THerr TREATMENT.— 
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The samples of calcium arsenate tested 
were treated in three different manners 
by igniting, dry heating and autoclaving. 
In 1935 pure calcium arsenates of four 
different ratios of CaO to AseO; were pre- 
pared—monocalcium arsenate (CaO: Aso- 
O;-2H.O), two dicalcium arsenates (2Ca- 
O-As.O;-3H.O and 2CaQO-As,O;:-5H.0O), 
tricalcium arsenate (8CaQ- As,O;-8H,O) 
and tetracalcium arsenate (4CaQ- As.- 
O;-XH,O). A sample of each was ignited 
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Fic. 1.—Modified dusting apparatus. 


to a glowing red to obtain the corre- 
sponding anhydrous compound. 

In 1936 a commercial sample equiva- 
lent to tetracalcium arsenate was studied. 
Eight portions of this sample containing 
about 4 per cent of free calcium hydroxide 
were heated, four by autoclaving and four 
by dry heating. Three of the autoclaved 
portions were in such a physical state after 
the treatment that drying was necessary 
before they could be dusted. The specific 
treatments are given in table 2. 


Toxicity To SittKworms.—Fourth-in- 


star silkworms, Bombyx mori L., were 
used as test insects. In feeding the ma- 
terial the sandwich method of Campbell 
& Filmer (1929), as modified by Bulger 
(1932), was used. To avoid the necessity 
of lifting the dusting cylinder, a further 
modification was made, fig. 1. A box 13 
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inches square and 4 inches high was con- 
structed with an upper slide, A, designed 
with a hole in the center to hold the dust- 
ing pipette and to catch the coarse set- 
tlings, and a lower slide, B, to hold the 
leaf disks to be dusted. 

A glass cylinder 33 inches high was 
placed on top of the slide box. With slide 
A in place, a pipette containing a charge 
of dust was inserted in the hole, the dust 
blown into the cylinder and the pipette 
removed. Slide B, containing the leaf 
disks to be dusted, was then inserted be- 
low slide A. During this operation, which 
required about 20 to 30 seconds, the coars- 
er particles settled upon the slide. Slide A 
was then quickly withdrawn and the fine 
dust permitted to settle upon the leaf 
disks on slide B. The length of time for the 
second settling depended upon the deposit 
desired. When very heavy deposits were 
desired, the dusting was repeated two or 
three times on the same set of leaf disks, 
slide B being carefully removed and rein- 
serted after each dusting. 

In the 1935 tests the photographic- 
planimeter method of Campbell & Filmer 
(1929) was used for determining the area 
consumed by a worm. In 1936 the inlay- 
sandwich method (Bulger 1937) was used 
except where doses of more than 0.7 milli- 
gram per gram of body weight were de- 
sired, when the photographic-planimeter 
method was employed. 

No attempt was made in these tests to 
establish small differences in relative tox- 
icity by determination of median lethal 
doses. Instead, the results are stated as a 
median lethal dosage range, which include 
that group of doses, expressed in milli- 
grams per gram of body weight, within 
which the median lethal dose may be ex- 
pected to lie. 

As shown in table 1, all the hydrous eal- 
cium arsenates of the 1935 series were 
fairly toxic to silkworm larvae, whereas 
the corresponding anhydrous compounds 
produced by ignition were practically 
nontoxic. 

The ignited dicalcium arsenate (I.D. 
3076) was the most variable in its toxi- 
cological results. There was considerable 
evidence that a median lethal dose in the 
range 0.55 to 0.74 might be established, 
since in this range there were 30 living 
and 29 dead larvae. However, of the 41 
insects wnich consumed larger doses than 
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Table 1.—Toxicity of various calcium arsenates, with and without heat treatment, to silkworm larvae and bean plants 














(1935). 
CueMIcaL ANALYSIS Mortatity Data 
| Insects in| Total In- | 
| Maxi-| M.L.D. sects that 
| mum Range ‘ed 
|Water-| M.L.D. | Dose, | _—— — 
Total | Total | soluble! Range, Mag- Num- Num- DrGree 
CaO, | Ase, AsOs,*\Magnesium’ nesium! ber Num- ber Num-| or 
LD. Per | Per | Per Per | Per | Liv-| ber | Liv-| ber | Puant 
No. | CoemicaL Formvuta TREATMENT Cent Cent | Cent | Gram Gram | ing | Dead) ing | Dead Insury 
$074) CaO- Asis Ignited 19.6 | 80.4 | 0.3 t 1.71 _— —| 89! 0| None 
3075). CaO As:Os- 2H:0 | None 17.3 | 71.4 | 71.4 | 0.04-0.05 — 9/| 12 23 94 | Dead 
3076) 2CaO- As) Ignited to glowing red 32.9 | 67.2 9.4 4 1.20 — — | 102 60 | Very 
(from 3078) to constant weight | slight 
$078) 2CaO- AsO: SHO) None 28.7 | 58.1 | 32.2 | 0.04-0.05 : 9 10; 26) 53 Severe 
$077| 2CaO~ Ase) Ignited to glowing red | 32.8 | 67.2 | 16.0 § — a | «= | om — | Slight 
from 3079) to constant weight | 
3079 2CaO- As), 5HLO None 25.7 | 53.0 | $2.8 § = | ds —_ == | Severe 
$122, 3CaO- Ase) Ignited for 3 hours at | 41.7 | 57.1 4.0 0.17-0.18 — | 19| @) 39 49 | Dead 
(from 3081 500°C. 
$367 8CaO~ As), Ignited for 2 hours at | 41.9 56.4 1.8 t 1.46 _ —/ il 0 | Severe 
from 3081) 800°¢ | 
$081 3CaQO-As.O.-8HO None 32.1 | 42.9 3.3 |0.08-0.09; — | 10; 27] 64 69 | Severe 
308% 4CaQ- As) Ignited to glowing red | 47.9 | 48.9 0.1 t | 2.26 —— 77 | 6 | Ver 
for 2 hours | | } slight 
3083 4CaO- AsO, XHO| None 42.1 | 42.8 1.8 | 0.10-0.12 — | 4] 6] @| 56] None 





* Determined by A.O.A.C, method 
¢ Insufficient mortality to establish an M.L.D. range. 


t There was some indication that a median lethal dose might be established between 0.55 and 0.74 milligrams, but too many sur- 
vivas were recorded above this figure to consider this range conclusive. 


§ Toxicity tests on insects not made. 


the maximum of this range, 26 survived 
and only 15 died. Since the work indicated 
clearly that ignition of this compound 
greatly reduced its toxicity, and since the 
number of insects available was limited, 
it was considered undesirable to continue 
the tests further. 

The tricalcium arsenate ignited at con- 
trolled temperatures (1.D. 3081) did not 
show a great loss in toxicity when heated 
$ hours at 500 degrees C. (1.D. 3122), but 
when heated for the same length of time 
at 800 degrees C. (1.D. 3367) it became 
relatively nontoxic. 


When toxicity to both insects and 
plants was considered, tetracalcium arse- 
nate was the most promising. Therefore, in 
1936 only tetracalcium arsenate was used. 

In table 2 are given data showing the 
effect of autoclaving and dry heating a 
commercially prepared tetracalcium ar- 
senate upon its toxicity. When autoclaved 
at 100 degrees C. for 1 hour and dried at 
the same temperature for one-half hour, 
the preparation was still fairly toxic. 
However, when the period of autoclaving 
was extended to 3 hours and the period of 
drying to 1 hour, or when the autoclaving 


Table 2. Toxicity of tetracalcium arsenate that has been treated by autoclaving or dry heating to silkworm larvae and 


bean plants (1936). 





PREATMENT CuemicaL ANALYSES 


Mortauity Data 














Insects in Total 
Water Maximum M.L.D. Range Insects 
Potal lotal | soluble M.L.D. Dosage - 
lemper- Cad, AseQs, AssOs,* | Range, Fed, Milli- Num-| Num-| Num-| Num-| Decree or 
L.D. ature, Time, Per Per Per Milligrams | grams Per |_ ber ber | ber | ber PLANT 
No. Degrees C Hours Cent Cent Cent Per Gram Gram Living} Dead | Living| Dead Ins UuRY 
- * Ss we | 2 2. a eee 
Autoclaved | 
SSLIA 100 it 40.5 40.1 3.6 ©0.10-0.11 . 6 | 9 11 | 19 | Considerable 
SSIOA 100 St $2.2 40.2 0.7 4.00 18 6 Very slight 
$309A 182 it 33.6 $2.5 0.5 3.61 — - 30 2 | Very slight 
S3308A 182 3 38.9 37.2 0.5 3.81 _— = ll | 65 Slight 
Dry heat 
SSSA 100 3 39.8 38.8 4.2 0.09-0.10 — 5 15 5 | 33 Considerable 
SSI4A 180 3 39.1 40.1 $.5 | 0.12-0.13 4 20 5 60 | Considerable 
S31SA 500 ; 45.9 $4.5 0.3 6.53 -- - 16 | 0 None 
S312A 500 1 | 45.8 44.0 0.3 5.34 _- -- 19 1 None 
Untreated | 
2854A 40.9 $8.2 3.3 ao — — | Considerable 





* Determined by the Geneva method 
t Followed by drying at 100 degrees C. for one-half hour. 
t Followed by drying at 100 degrees C. for 1 hour. 
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was carried on at 182 degrees C. for 1 hour 
or more, it became relatively nontoxic. 
Dry heating for 3 hours at 100 degrees 
and 180 degrees C. had little effect on the 
toxicity, whereas heating for one-half 
hour or more at 500 degrees C. made the 
preparation relatively nontoxic. 

Toxicity To PLants.—To determine 
the degree of tolerance of plants to the 
calcium arsenates used in this study, 
beans (Red Valentine) were grown in 
pots in the greenhouse, and plants of the 
same age and size were sprayed on the 
same day with each of the calcium arse- 
nates listed in tables 1 and 2. The prepara- 
tions listed in each table were treated as a 
series. Three replications of each series of 
sprayings were made at intervals of about 
10 days. The sprays were made to contain 
$3 pounds of the calcium arsenate to 100 
gallons of water. They were applied with a 
small hand sprayer, care being taken to 
keep them well agitated during the appli- 
cation. Each plant was thoroughly wet 
with the spray and then placed in the 
greenhouse for daily observations over a 
period of 8 days. The degree of injury was 
designated as none, very sight, slight, 
considerable, severe, very severe and 
plants dead, which corresponded, respec- 
tively, to the destruction of approxi- 
mately 0, 3, 5, 25, 50, 75 and 100 per cent 
of the foliage area. 

As shown in tables 1 and 2, ignition or 
the degree of heat, either dry or in auto- 
claving, which rendered the preparation 
nontoxic to silkworm larvae likewise made 
it relatively nontoxic to bean foliage. 

Tests oF Dustinc Metnop.—Since 
the tetracalcium arsenate tested in 1936 
contained some free calcium hydroxide, 
preliminary tests were made to determine 
whether in the method of dusting there 
was a separation of free calcium hydroxide 
and calcium arsenate which might cause 
the former to be deposited with the fine 
particles of calcium arsenate in a propor- 
tion greater than occurred in the original 
sample. Samples of dust similar to that 
deposited on the leaf disks were collected 
from three preparations, one of which was 
known to contain considerable uncom- 
bined calcium hydroxide and analyzed 
for determination of the CaO:As.0, 
ratio.* The results of these analyses 
showed that no separation had occurred. 
It was therefore certain that any decrease 


Cassil. 


* Unpublished work by C. C 
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in toxicity observed was not due to an 
excessive deposit of free lime during the 
dusting process, but was a valid toxico- 
logical difference. 

SUMMARY AND ConcLusions.—Four 
hydrous calcium arsenates of typically 
different composition were ignited to 
produce thecorresponding anhydrous prep- 
arations, and eight portions of a sample 
of commercial tetracalcium arsenate were 
autoclaved or treated with dry heat. A 
portion of each preparation was then fed 
to silkworm larvae, Bombyx mori L., by 
the sandwich method and their toxicity 
determined in terms of the median lethal 
dosage range. Plant tolerance of these 
calcium arsenate preparations was deter- 
mined by applying them to bean foliage 
in the greenhouse and estimating the 
degree of foliage destruction. 

All the hydrous calcium arsenates were 
fairly toxic to silkworm larvae. Mono- 
calcium and dicalcium arsenates were the 
most toxic and about equal in toxicity, 
notwithstanding the fact that the amount 
of soluble arsenic present varied greatly. 
Tricalcium and tetracalcium arsenates 
were only about half as toxic as the mono- 
calcium and dicalcium compounds. The 
anhydrous form of each compound tested 
was nontoxic to the extent that when 
large doses were fed (12 to 50 times the 
M.L.D. for hydrous forms) no median 
lethal dosage range was established. 

In general, ignition decreased the per- 
centage of soluble arsenic present. How- 
ever, there does not appear to be any 
appreciable correlation between the per- 
centage of soluble arsenic as determined 
by the A.O.A.C. method and the toxicity 
to insects or plants. 

Heat treatments of calcium arsenate 
sufficiently severe to make the product 
relatively safe to bean foliage likewise 
make it nontoxic to silkworm larvae. The 
fact that autoclaving at 100 degrees C. 
for 1 hour does not destroy the toxicity, 
whereas the same treatment for 3 hours 
produces a relatively nontoxic tetracal- 
cium arsenate, suggests that the toxicity 
balance of such a calcium arsenate is 
rather delicate and indicates that great 
care should be exercised in its preparation 
if the toxicity is to be maintained. 

Dry heating at controlled temperatures 
does not affect the toxicity of tricalcium 
arsenate so readily as that of tetracalcium 
arsenate.— 1-6-39. 
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Present Status of the European Spruce Sawfly, 
Diprion polytomum (Htg.), in the United States 


Puiie B. Dowpen, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


In 1930 the European spruce sawfly, 
Diprion polytomum (Htg.), was discov- 
ered causing serious defoliation of spruce 
in the Gaspé Peninsula of Canada. Since 
that time about 60 per cent of the white 
spruce and 25 per cent of the black spruce 
have been killed over an area of approxi- 
mately 3,000 square miles in that region. 
The insect has also become prevalent in 
from medium to heavy infestations 
throughout New Brunswick, the whole of 
the Gaspé Peninsula and a large area in 
the Province of Quebec on both sides of 
the St. Lawrence River. In the United 
States it is present in outbreak form in 
northern Maine and at several points in 
Vermont and New Hampshire. Fig. 1 
shows the known distribution at the pres- 
ent time. R. E. Balch (1984-1938b) of 
the Dominion Entomological Laboratory 
at Fredericton, New Brunswick, has given 
several valuable reports regarding the 
progress of the sawfly infestation in 
Canada with notes on the biology of the 
insect, and in 1936 H. J. MacAloney 
(1936a, b, c, d), of the Bureau of Ento- 
mology and Plant Quarantine, U. S. De- 
partment of Agriculture, gave short ac- 
counts of the insect in the United States. 

Surveys TO DeTeERMINE RANGE AND 
SERIOUSNEsS.—During 1937 and 1938 
the Bureau of Entomology and Plant 
Quarantine, in cooperation with the states 
of Maine, New Hampshire, Vermont and 
New York and various lumber companies, 
conducted an intensive survey to deter- 
mine the range of the insect and serious- 


ness of the infestations in this country. 
The purpose of the present paper is to 
give an account of the work and results 
of this survey and to report the parasite 
liberations that have been made against 
the pest. 

Most of the survey work of 1937 was 
done in Maine under the directiorof H. J. 
MacAloney. Six trained men were em- 
ployed by the Bureau of Entomology and 
Plant Quarantine in this work throughout 
the summer season. Owing to the scarcity 
of public roads in much of the northern 
part of the state, considerable survey 
work was done from the principal water 
courses and logging roads. The Maine 
Forest Service made its fire patrolmen 
available as guides, and representatives 
of the Great Northern Paper Company, 
American Realty Company, Penobscot 
Development Company, Eastern Manu- 
facturing Company, Passamaquoddy 
Land Company, Maine Seaboard Paper 
Company, and the Hollingsworth and 
Whitney Company guided survey men 
through their holdings. Scouting work 
along the coast of Maine and in some 
areas along the New Brunswick and 
Quebec borders was carried out by 
workers from the office of the state ento- 
mologist. 

In 1938 the township was used as a 
basis for the survey work, all of which 
was carried out in New Hampshire, 
Vermont and New York. Practically all 
the townships within the known spruce 
area of these states were covered. In 








most of the townships topographic maps 
were used, upon which were marked the 
spruce areas and the points where inspec- 
tions were made. Where spruce was nearly 
continuous, inspections were made prac- 
tically every mile. Each inspection con- 
sisted of beating a few branches for larvae, 
looking in likely places for cocoons, in- 
specting the ground for frass and noting 
the degree of defoliation. In most of the 
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these states provided two men. In north- 
ern New Hampshire the Coe and Pingree 
Estate, Brown Company, Groveton Paper 
Company and the New Hampshire-Ver- 
mont Lumber Company supplied guides 
to help conduct the survey on their lands, 
Observations on the White Mountain and 
Green Mountain National Forests were 
made by the Forest Service of the U. §. 
Department of Agriculture, while the 
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Fic. 1.—General distribution of the European spruce sawfly, Diprion polytomum (Htg. 


, in America, 1938. 


Heavy indicates severe defoliation where most of the old foliage has been consumed; medium indicates a 
slight but noticeable defoliation; light indicates larvae present but no noticeable feeding. 


townships all the passable roads were cov- 
ered, and spruce that was not accessible 
from the roads was visited by hiking in at 
yarious points. The number of inspections 
depended largely upon local conditions. 
A separate sheet for each township listed 
at the different inspection points the 
acreage, the forest type and the intensity 
of the infestation. The Bureau of Ento- 
mology and Plant Quarantine provided 
six men for the survey work in New 
Hampshire and Vermont, while each of 


state of New York did all its own survey 
work. 

In general, the survey showed that the 
spruce sawfly was present in at least 
small numbers wherever inspections were 
made. Fig. 2 shows the area scouted, with 
heavy and medium infestations noted. 

In Maine the survey of 1937 disclosed 
medium to heavy infestations in eight 
townships near the St. John River Valley; 
two townships in the lower part of the 
Allagash Valley; one township just north 
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of Portage Lake; in Ashland, Chapman 
and the Chesuncook Plantation. It was 
estimated that 15,000 acres showed 
noticeable defoliation. No survey work 
was done by the Bureau of Entomology 
and Plant Quarantine in Maine during 
1938, but reports from the office of the 
state entomologist indicate that there has 
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red spruce. At the same time a small 
area about 10 miles east of this point, near 
the Temple-Peterboro line, was found 
similarly affected. These infestations re- 
main very severe and have spread out- 
ward a short distance. Most of the trees 
in these areas have been stripped of all 
their old foliage and from 25 to 75 per 


















Fic. 2.—European spruce sawfly survey. Shaded area indicates survey conducted in 1937 and 1938 by state 
organizations in cooperation with the Bureau of Entomology and Plant Quarantine of the U. S. Department 
of Agriculture. Black circles indicate heavy infestations and rings medium infestations in 1938. 


been a marked increase in the intensity 
of the infestation in northern Maine, and 
that four townships northeast of Dever- 
eaux in Washington County are now re- 
ported heavily infested: These were only 
lightly infested a season ago. 

In New Hampshire a very heavy infes- 
tation was discovered in September, 1937, 
at Dublin, on the northern slope of Mt. 
Monadnock. This infestation involved 
more than 4,000 acres of merchantable 


cent of their new foliage. The trees most 
heavily fed upon in 1937, however, ap- 
peared in somewhat better condition in 
1938, for they put on a good growth of 
foliage in the spring and were not so 
severely fed upon as were the surrounding 
trees. Unfortunately, though, this area 
was severely damaged by the recent hur- 
ricane, and most of the trees were blown 
down. The only other point in New 
Hampshire where the infestation can be 
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-alled medium to heavy is at the extreme 
northern part of the state in Pittsburg. 
On Mt. Kent and along Scots Bog Ridge 
from 20 to 35 sound cocoons were found at 
a number of inspection points, but no 
noticeable defoliation was observed. 

In Vermont two heavy infestations 
were discovered in 1937, one at Lincoln 
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mington conditions are worse than they 
were in 1937. The infestation is very 


severe and it has spread in a northerly 
and easterly direction into the townships 
of Dover, Newfane and Marlboro. As at 
Monadnock, the trees most heavily fed 
upon in 1937 appeared better this season 
than they did last. 
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Colonization points of Microplectron fuscipennis Zett. and area of 


general colonization in Maine through 1938. 


in the central portion of the state and 
one at Wilmington near the southern 
border. The infestation at Lincoln af- 
fected several thousand acres of pasture 
red spruce and extended up the slope of 
Mt. Abraham. At Wilmington about 
2,000 acres of pasture spruce were heavily 
infested. The survey of 1938 showed me- 
dium infestations with slight but notice- 
able defoliation on Mt. Ellen, Mt. 
Abraham and Mt. Battell in the vicinity 
of Lincoln, and on Green Peak in Dorset. 
The infestation at Lincoln is apparently 
less severe than it was in 1937. At Wil- 


In New York conditions are somewhat 
different. The sawfly is quite numerous in 
some older, natural stands in the Adiron- 
dacks but no defoliation has been ob- 
served there. On the other hand a few 
plantations of young Norway spruce, 
from 10 to 30 years old, are from medium 
to heavily infested and show noticeable 
defoliation both in the Adirondack region 
and in the southeastern part of the state. 
These points have been indicated in fig. 2 
as medium infestations. 

Up to the present time the number of 
trees actually killed in the United States 
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still remains small. Some mortality, ap- 
parently caused by sawfly defoliation or a 
combination of sawfly feeding and 
drought, has been observed in the Alla- 
gash Valley and along the St. John River 
in Maine, at Monadnock in New Hamp- 
shire and around Wilmington in Vermont. 
Nevertheless trees over a large area in 
these localities have been so severely de- 
foliated that it seems questionable whether 
they can survive. According to Balch 
(1936) trees so severely defoliated that 
they cannot recover will generally show 
no signs of death until the following year 
and some will even put out a good growth 
of new foliage for 1 or more years before 
they finally die. Although almost com- 
plete defoliation is necessary to cause 
death, trees are in danger of being killed 
if practically all the old foliage and more 
than 50 per cent of the new foliage is 
destroyed. Studies in the United States 
have not been carried on long enough to 
show any marked differences between the 
habits of the insect and the result of de- 
foliation in Canada and in this country. 
There seems little doubt that conditions 
in New Brunswick and northern Maine 
are very similar. Farther south most of 
the natural growth is red spruce, whereas 
in the Gaspé region white spruce has 
suffered the heaviest mortality. In that 
region also a high percentage of the co- 
coons remain in diapause for more than 
1 year, and 20 per cent adult emergence 
is considered normal. This tendency is 
apparently much less common in southern 
New Hampshire and Vermont. A high 
adult emergence each year may shorten 
the outbreak, but, of course, it may also 
increase its severity. 

Stratus oF Parasitic ENremins.—A 
striking feature of the spruce sawfly out- 
break in Canada and the United States 
has been the almost total absence of at- 
tack by parasites, although a number of 
predators, such as shrews, mice and squir- 
rels, may destroy up to 50 per cent of 
the hibernating cocoons. In Europe, on 
the other hand, where the insect has been 
known for over 100 years and has caused 
little or no damage, it has a number of 
valuable parasitic enemies. 

In 1932 the Dominion of Canada, in 
cooperation with the Farnham House 
Laboratory in England, inaugurated an 
extensive program of parasite introduc- 
tion. Since that time more than 20 Euro- 
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pean species of parasites have been liber- 
ated in Canada. One of the most promis- 
ing of these is Microplectron fuscipennis 
Zett., a gregarious chalcidoid parasite in 
the cocoons of the sawfly. This species is 
bred easily and rapidly under laboratory 
conditions, and the Canadian Govern- 
ment has bred and liberated about 300 
million of them. It has become generally 
established throughout most of the area 
colonized and shows promising powers of 
reproduction and spread. It is most effec- 
tive when the cocoons of the host are 
exposed or formed under a light ground 
cover. Where there is deep moss and the 
sawfly cocoons are well covered, only 
small percentages have as yet been at- 
tacked. Previous to 1938 the Bureau of 
Entomology and Plant Quarantine re- 
ceived 1,800,000 of these parasites from 
the Canadian Parasite Laboratory, and 
these were liberated throughout the areas 
of heavy spruce sawfly infestation in 
New England and New York. During the 
1938 season the state of Maine conducted 
large-scale rearing of this parasite and 
colonized more than 37 million of them. 
The New Haven forest insect laboratory 
of the Bureau of Entomology and Plant 
Quarantine, with the help of an entomolo- 
gist employed by the Society for the Pro- 
tection of New Hampshire Forests, reared 
about 5 million Microplectron. About 14 
million were released in New York, 1 
million in Vermont, 1 million in New 
Hampshire and 1 million in Maine. Fig. 3 
shows the Microplectron liberation points 
in this country and the areas that were 
colonized by the state of Maine through 
1938. 

In addition to Microplectron the Cana- 
dian Parasite Laboratory has supplied 
small lots of several other species of para- 
sites, which have been liberated in the 
heavy sawfly infestations of the United 
States. One of these, a larval parasite, 
Exenterus marginatorius (F.), has defi- 
nitely proved its ability to maintain itself 
on the sawfly in Canada. It is, of course, 
too early to judge the results of these 
parasite liberations, but Microplectron, at 
least, has already become established at 
a number of points in the United States. 

Tue OutTLook ror Controi.—About 
the only chance of successfully reducing 
the present sawfly outbreaks throughout 
the large spruce areas of Canada and the 
United States seems to be through nat- 
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ural control. A number of factors such 
as larval disease, starvation, and destruc- 
tion of cocoons by predators are already 
bringing about considerable mortality, but 
apparently added factors are necessary. 
The establishment of parasites might 
bring about effective control. This work, 
however, is very slow and it may be sev- 
eral years before it is possible to judge 
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whether or not the effort has been success- 
ful. The fact that the spruce sawfly pre- 
fers to feed upon the old rather than upon 
the new foliage may be an important fac- 
tor. At least it indicates that, if the para- 
sites can help to hold the insect at a rea- 
sonably low level of population, the trees 
may successfully survive a great deal of 
feeding.—1-6-39. 
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Matsucoccus sp.,* A Seale Insect Injurious to Certain Pines 
in the Northeast (Hemiptera-Homoptera) + 


T. J. Parr, U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Matsucoccus sp. is a scale insect of the 
coccid family Margarodidae closely re- 
lated to the genera Kuwania and Stoma- 
coccus. The group has certain peculiarities 
in the life cycle which will be discussed 
later. The genus Matsucoccus was set up 
by Cockerell in 1908 from material re- 
ceived from Japan. The taxonomic posi- 
tion has been given by Herbert (1919, 
1921), and Morrison (1928). 

The species of Matsucoccus under dis- 
cussion feeds principally upon pitch pine 
(Pinus rigida), although shortleaf pine 
(Pinus echinata), table mountain pine 
(Pinus pungens), scrub pine (Pinus vir- 
giniana) and ponderosa pine (Pinus pon- 
derosa) planted in the Northeast are 
attacked. White, jack, Scotch, Austrian, 
mugho and red pine are all immune. The 
insect will feed on red pine but cannot 
survive there through the first instar. The 
new growth on white pine is too pubescent 
to allow the tiny crawlers to feed, the 


* Now determined as Matsucoccus gallicolus Morrison 

+ Part of a dissertation presented to the faculty of the Graduate 
School, Yale University, in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. 


insects never reaching the stem. On Aus- 
trian pine the crawlers reach the new 
growth but never feed. It appears that 
they become caught and die in the resin- 
ous epiderm on the new growth of that 
species. In the cases of jack, Scotch and 
mugho pines no attempt is made to feed, 
and all crawlers die in a comparatively 
short time. 

Injury is most severe on pitch pine, less 
severe on shortleaf pine and least on table 
mountain pine. 

Several related species of the same 
genus are injurious to ponderosa and 
other pines in the West, where some 
species feed on the branches and others 
on the needles. 

DistrisuTion.—In the Northeast, 
Matsucoccus may be found on pitch pine 
over most of the range of that species, but 
infestations are localized. Whether this is 
due to a physiological condition of certain 
trees or to a freak of distribution remains 
to be determined; but it has been definitely 
shown that in cases where a single tree had 
been infested, trees to the windward were 
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subsequently not infested or were more 
lightly infested than those to leeward. It 
has been found that pitch pines in unin- 
fested areas were heavily attacked sub- 
sequent to artificial infestation by Mat- 
sucoccus. 
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ditions. Heavy infestations are also pres- 
ent in other places in Massachusetts and 
in Connecticut, Rhode Island and New 
Jersey. One very light infestation has been 
found in New York just south of Albany, 
and pitch pine in many places on Long 
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of Matsucoccus sp. in 1938, as discussed in this paper. 


In some places infestations are ex- 
tremely heavy. Pitch pine in Pennsyl- 
vania and on the outer half of Cape Cod 
in Massachusetts has been very heavily 
attacked. More trees have died in the in- 
festations on Cape Cod than in any other 
area observed, probably because these 
trees are growing under unfavorable con- 


Island is heavily infested. The insect has 
been found as far north as Madison, 
N.H., fig. 1. These are the limits of the 
writer’s observations on the distribution 
of this species. 

Lire History anp Hasits.—Matsu- 
coccus has, in some respects, a very pecu- 
liar life history. The eastern species 
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confines its feeding to the current year’s 
growth, except in the case of infestation 
on ponderosa pine, where some feeding 
has been observed on the second and third 
internodes. The eggs hatch at about the 
time the new growth is from 1 to 3 inches 
long. The earliest hatching in the field in 
1938 was recorded on April 25 at Plain- 





Fig. 2. 
Conn., June 14, 1937, heavily infested with Mat- 
sucoccus sp. X 1.5. 


New growth on pitch pine from Chaplin, 


ville, Conn., where crawlers were emerg- 
ing on the south and southwest sides of 
the infested trees. Hatching did not begin 
at Mont Alto, Pa., until April 30, when 
the first crawlers were found. 

Immediately after hatching the larvae 
migrate to the new growth, fig. 2, insert 
the stylets into the tender tissue and 
begin to feed. The crawlers lose their 
motility as soon as feeding has begun. 
Young crawlers removed from the cur- 
rent year’s shoots 24 hours after feeding 
had begun were unable again to insert the 
stylets, and died without moving. 

With continued feeding the ventral in- 
tegument around the stylets begins to 
swell. At the same time, or soon after, 
there is a collapse and slight disintegra 
tion of plant tissue around the base of the 
stylets, and the ventral swelling of the 
insect sinks into the hole thus formed in 
the plant tissue. At this time there is also 
a slight swelling of the plant tissue around 
the outside of this hole, and a definite 
yellowing of the surface over the swelling. 
The dark yellow integument of the newly 
hatched crawlers gradually becomes 
darker until it is a dark brownish black. 
The swelling of the integument will take 
place without the formation of a hole in 
the plant stem, for two cases on shortleaf 
pine have been observed where the hole 
was not formed but the expansion of the 
venter did take place. 


Vol. 32, No. 5 


The slight swelling of the plant tissue 
continues for some time, with the con- 
tinued enlargement of the hole in the stem 
and enlargement of the ventral swelling 
of the insect. At the time of the first molt, 
which occurs some 6 to 9 weeks after 
hatching, the entire body contents of the 
insect have sunk into the ventral swell- 
ing, fig. 3. The bulbous portion of the 
integument then splits laterally, and the 
second instar produced is a rather round, 
apodous, brownish-black insect. The lar- 
val integument remains in place, covering 
the hole in the epiderm of the twig. 

The second molt appears about a month 
later, and with the third instar or adult 
stage the insect regains its appendages. 
When this molt occurs, the new integu- 
ment is extremely soft, thin and flexible; 
the legs and other appendages are tele- 
scoped into the body; and the abdomen 
is a very much wrinkled sack. The mouth 
parts at this time are nonfunctional. In 
most instances the adult pushes aside the 
integument of the first-instar larva and 
gradually forces itself out through the 
tiny hole in the epiderm of the twig. But 
for the flexibility of the integument of the 





Fic. 3.—Twig surface of pitch pine with young of 

Matsucoccus sp. removed and lying on side to show 

ventral swelling of insect and hole in twig surface, 
June 22, 1937. About X 50. 


new adult this would be impossible. The 
female then migrates to one of the larger 
branches or the main trunk of the tree 
and pushes its way under a closely ap- 
pressed bark scale, where it begins to lay 
eggs. The egg masses are oval, flattened 
pads covered with white wax threads and 
contain from approximately 150 to over 
500 lemon-yellow eggs. Based on a count 
of 15 egg masses, the average number of 
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eggs per female is 293.46 + 15.06. Dissec- 
tion of the reproductive organs of these 
females indicates that all eggs which are 
developed are laid, and observations show 
that in 80 per cent of the cases all eggs 
develop. 

Typically, the insect overwinters in 
the egg stage under the bark scales on the 
larger branches or trunks of the trees, 
fig. 4, although the embryo partially de- 
velops inside the egg before cold weather 
sets in. During the winter of 1936-37, 
however, many of the females had not 
emerged from the holes in the twigs, and 
as a consequence the eggs remained inside 
the body of the female, but in most in- 
stances the crawlers were able to emerge 
in the spring. It is presumed, however, 
that this is an unusual situation for in the 
last two fall seasons the females have been 
able to emerge and migrate to the larger 
branches or trunks of the trees. Except 
where the female has found her way be- 
tween two very tightly appressed plates 
of bark, the body shrinks and folds as the 
eggs are laid. Where she is very much 
flattened, the abdomen remains in that 
position and then not all of the eggs are 
deposited. 

It has been stated that the average 
number of eggs per female is approxi- 
mately 300. Little egg mortality seems to 
result from cold weather, a good deal of 
protection being no doubt offered by the 
bark scales under which the eggs are laid. 
During the winter of 1937-38, when tem- 
peratures as low as —12 degrees F. in 
the vicinity of Willimantic, Conn., were 
recorded, nearly 100 per cent of the eggs 
hatched when brought into the laboratory 
and placed in the incubator at a constant 
temperature of 80 degrees F. and a rela- 
tive humidity of 90 per cent or above. 
Egg masses were removed from the bark 
scales on October 23 and left until De- 
cember 23 and January 11 exposed in 
New Haven to outdoor temperatures, the 
lowest of which was 17 degrees F. in 
December and —1 degree F. in January. 
All the eggs hatched when exposed to 
room temperature and high relative 
humidity. It is of interest to note that in 
egg masses that are broken open by pull- 
ing out the strands of wax the mortality 
is higher than in those which remain un- 
disturbed. This is especially true at 
humidities below 80 per cent. 

Errect Upon tHe PLant Tissue. 
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The first noticeable effect of insect feeding 
upon the plant tissue is a slight yellowing 
of the twig surface around the body of 
the insect where it is in contact with the 
plant tissue. If the material is cut at that 
time it will be found that there is a col- 
lapse of some of the plant cells just under 
the epiderm at the point of feeding. This 





Fic. 4.—Egg masses and dead Matsucoccus females 
under bark scales from pitch pine, Plainville, Conn. 


causes a slight depression in the surface 
of the stem at that point. At the same 
time there is evident an abrupt transition 
from the heavy-walled epiderm and col- 
lenchyma cells outside the feeding area to 
an area in the corresponding tissue under 
the insect characterized by empty and 
thinner-walled cells. Growth and division 
of the cells of the cork cambium continue 
outside the feeding area, whereas from 
this time on growth ceases under the in- 
sect. This, in addition to a slight disin- 
tegration of the epidermal and collen- 
chyma cells immediately surrounding the 
stylets at the point of entrance in the 
plant tissue, is the immediate cause of the 
beginning of gall formation. 

Swelling of the insect venter, which 
begins in from 1 to 2 weeks after hatching, 
continues until the first or second week 
in July. At that time the epiderm has 
broken away at the sides of the swollen 
venter of the insect, and proliferation of 
the surrounding collenchyma has extended 
laterally about twice the width of the 
swollen portion of the insect body. At 
about this time the insect molts, leaving 
the larval integument covering the hole 
in the surface of the twig. By the end of 
June the cells of the collenchyma under 
the swollen portion of the insect have 
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lignified. As growth of the insect continues 
this lignified area generally continues to 
spread laterally and in most instances 
toward the cambium, so that by the end 
of August the plant tissue surrounding 
many of the insects is dead and frequently 
infiltrated with pitch. In case of a very 
heavy infestation, this may occur as early 
as the middle of July. The dead tissue 
then extends all the way to the cambium, 
and in a heavy infestation where these 





Fic. 5. 


Extract injection bulbs in twig of pitch 
pine in greenhouse, New Haven, Conn. In this ex- 
periment swelling became apparent 4 to 5 days after 
injection. 


dead areas coalesce death of the twig 
occurs at that time. This also kills the 
insects and precludes reproduction. Where 
infestation is lighter, however, death of 
the cortex does not progress so rapidly, 
and the insects develop and emerge even 
though the twig dies. On pitch pine, 
counts of infested twigs indicate that 1.2 
insects per square millimeter of twig sur- 
face, fig. 2, will cause death of the twig by 
the middle or end of July, while 0.5 insect 
per square millimeter will cause death of 
the twig late in August or September. On 
shortleaf pine 0.2 insect per square milli- 
meter will cause ultimate death of the 
twig. 

It is of interest to note that in green- 
house grown material, where infestations 
were so heavy that the growing insects 
split open the surface of the twig, condi- 
tions of growth were such that none of the 
twigs died. The writer has not observed 
this in the field. 

Cause or Insury To Tissue.—An at- 
tempt has been made to ascertain the 
cause of proliferation and eventual death 
of the plant tissue. Previous experiments 
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indicated that the enzymes of the salivary 
glands might be the causative agent. 

In the winter of 1937-38, insects re- 
moved from artificially infested pitch 
pines in a greenhouse were carefully dis- 
sected and the salivary glands removed 
and extracted in 30 per cent glycerine. An 
extraction time of 18 hours was used in 
most cases, although future experiments 
may show that a shorter time will suffice. 
Micro glass injection bulbs were made, 
the salivary extract drawn up into the 
neck of the tube by capillary action, and 
the tip of the tube inserted into the col- 
lenchyma of the new growth of uninfested 
trees, fig. 5. Extract from the salivary 
glands of from 6 to 12 insects was used in 
most cases. Check injections were made at 
the same time, plain 30 per cent glycerine 
or the empty injection bulbs being used. 
The top of the bulb being closed, an in- 
crease of air temperature in the green- 
house caused an expansion of air in the 
bulb and forced the extract into the plant 
tissue. Cooling of the air caused a con- 
traction and sucking of the liquid back up 
into the neck of the tube, thus to some 
extent simulating the action of the insect 
forcing salivary juice down into the plant 
and sucking up food, the difference being 
that there is a continual renewal of the 
salivary juice in the case of the insect 
while there is not in the case of the micro 
bulb. A large number of such injections 
were made with very encouraging results. 

On May 20, 1938, the salivary glands 
from 6 second-instar insects were ex- 
tracted for 18 hours. On May 21, five 
bulbs containing the extract were placed 
on new growth of a tree in the greenhouse, 
and at the same time check bulbs were 
inserted in another twig on the same tree. 
On May 24 three of the five extract injec- 
tions made on May 21 appeared to be 
causing the typical yellowing of the sur- 
face of the plant tissue around the point 
of injection, not only laterally, where it 
might be caused by compression of the 
cells from insertion of the bulb, but also 
vertically on the twig. On May 26 all five 
of the injection bulbs showed the same in- 
jury while none had appeared on any of 
the checks. On June 1, none of the checks 
showed any injury whereas all the ex- 
tract injections showed yellowing and a 
slight swelling. 

One June 4 several injections were made 
from an extract of the glands of only two 
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late second-instar insects. On June 8 all 
the extract injections showed injury and 
slight swelling while neither was apparent 
on the checks. From this it appeared that 
there is a greater effect from the feeding of 
the older than from the younger instar of 
the insect. Further experiments with ex- 
tract from a similar instar made on trees 
in the field produced the same results. 
Injury did not appear around any of the 
check bulbs until in July, and that was 
but a very narrow ring of dead tissue im- 
mediately around some of the glass tubes. 
Others showed no injury at all. There is 
nearly always a flow of pitch around the 
check bulbs, but this has never been 
known to occur on extract injections. 
Economic ImportaNnce.— Where a pop- 
ulation of the insect has built up over a 
period of years, damage to the trees may 
be considerable. In some plantations and 
in some areas of natural pitch pine repro- 
duction in Pennsylvania, the new growth 
and subsequent latent bud growth have 
been killed in successive seasons with the 





Fic. 6.—Crooked trunks and bent leaders 
of pitch pine at Mont Alto, Pa. 


result that trees have died or are in such 
poor condition that they will never pro- 
duce timber. This statement applies to all 
crown classes. 

In one sample plot in a 19-year old 
pitch pine plantation at Mont Alto, Pa., 
43 per cent of all the trees on the plot lost 
their leaders in 1938. Of the 23 dominants 
on the plot, 3 trees, 13 per cent, had 
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leaders killed; 57.5 per cent of the co- 
dominants had leaders killed back in 1938, 
as did 50 per cent of the intermediates and 
37.5 per cent of those classed as sup- 
pressed. In the same plantation there is 
evidence, from crooked trunks, fig. 6, that 
the insect has been active in killing leaders 





Fic. 7.—Heavily infested pitch pine showing dead 

shoots killed in 1987 by Matsucoccus, June, 1938, 

Mount Union, Pa. Note that nearly all of the 1937 
shoots have been killed. 


on trees in all crown classes for at least 
8 years. In another plot, in natural repro- 
duction of shortleaf pine, at Mont Alto, 
63.6 per cent of the trees attacked by the 
insect in 1938 had leaders killed. 

Data from a very heavily infested pitch 
pine plot near Mount Union, Pa., show 
that 74.2 per cent of the trees lost leaders 
in 1938, fig. 7. This plot is so heavily in- 
fested that the trees have practically 
ceased to grow. Many of them have no 
new growth except that put out as latent 
shoots, and in 1938 most of those also 
were killed. 

Apparently these infestations began to 
be serious about 8 or 9 years ago. Trees 
from both Mont Alto and Mount Union 
that had crooked stems have been dis- 
sected, and it is possible to trace evidence 
of heavy attack back 8 to 9 years by un- 
covering pitch-killed insects in the wood. 
This would point to a first serious attack 
by the insect during the serious drought of 
1930. 
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In the Northeast the area most affected 
is probably the outer end of Cape Cod, 
Mass., where in one place it was observed 
that over 50 per cent of the pitch pines 
had been killed. Many other instances 
have been observed in Massachusetts, 
Rhode Island and Connecticut where 
trees, particularly ornamentals, were in 
very poor condition or were dead. The 
Washington office has reports of a similar 
condition on Long Island. 

The insect attacks all age classes from 
3-year old seedlings to mature trees but is 
most destructive on material from 10 to 
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30 feet in height. A fairly heavy infesta- 
tion seems to have little effect on larger 
trees, because, although a comparatively 
large number of current shoots are killed, 
those living are in far higher ratio to those 
dead than is the case among young trees. 

NATURAL ENEMIES AND CONTROL.—No 
natural enemies of the mature insect have 
been observed, although one thrips, one 
hemipterous insect and larvae of a clerid 
have been found feeding on the eggs. Pre- 
liminary spraying experiments indicate 
that lime sulfur will probably be effective 
in control on ornamentals.—1-6-39. 
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Tests With Various Elm-Wood Traps for Bark Beetles 


R. R. Warrren and W. C. Baxer,* U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


In studies of the Dutch elm disease 
fungus, Ceratostomella ulmi (Schwarz) 
Buisman, cognizance must be taken of its 
two principal insect vectors in the United 
States, Scolytus multistriatus Marsham 
and Hylurgopinus rufipes (Eich.), and the 
possibility of their control by traps. It has 
been noted through field observations 
that for the most part these two species 
of bark beetles are found breeding in 
recently cut or rapidly dying elm wood. 
With this fact in mind various types of 
elm-wood traps were compared as to their 
relative attractiveness to these particular 
insects. The possibility of the use of traps 
as an actual means of control for these 
bark beetles is worthy of further investi- 
gation. 

EXPERIMENTAL Metuops, 1935 ANnp 
1936.—The first series of elm-wood traps 
was cut and placed in the field during the 
last week of May, 1935. This series of 


* The authors are indebted to C. W. Collins, in charge of the 
Morristown, N. J., laboratory, Division of Forest Insect Investi- 
gations, Bureau of Entomology and Plant Quarantine. for help 
ful suggestions and criticism. Thanks are due to the Dutch elm 
disease eradication unit of the same Bureau for helpful coopera- 
tion and for furnishing the services of W. R. Douglas and G. E 
Taylor, who assisted in much of the field work. 


traps consisted of the following types: 

1. Two small elm trees with a di- 
ameter, breast high, of 6 to 7 inches, cut 
off 6 inches above ground, and the butt 
ends placed on their respective stumps. 
One of these trees was felled so as to be 
exposed to the greatest possible amount 
of sunlight and the other was felled in 
deep shade. 

2. Two small elm trees with a diameter, 
breast high, of 6 to 7 inches, killed by the 
injection of a strong solution of sodium 
arsenite. This injection was made by 
pouring 1 ounce of the poison into each of 
four auger holes drilled in the trunk at 
breast height. One tree was located at the 
edge of a clearing and the other in a more 
shaded area. 

3. Four medium-sized elm limbs cut 
with a saw to the point at which they 
broke but remained hanging. The butt 
ends of these limbs were located at 15, 25, 
35 and 45 feet above ground. All limbs 
were exposed to intermittent periods of 
sunlight. 

4. Twenty-four recently cut elm logs 
ranging in length from 32 to 42 inches and 
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in diameter from 3 to 6 inches. The 
growth rate, as determined by a ring 
count, varied from very slow to very 
rapid. These logs were placed as follows: 

a. Four logs stood on end in a clearing. 
Laths were used to support these 
logs. 

b. Four logs stood on end in the shade. 

c. Four logs laid on the ground in a 
clearing. 

d. Four logs laid on the ground in the 
shade. 

e. Four pairs of logs, each pair tied to- 
gether and suspended in an elm tree 
by means of a rope. The heights of 
the centers of the pairs above ground 
were 18, 20, 22 and 25 feet. 

All the traps included in this first series 

were exposed in one small wooded area. 

The second series of traps was cut and 
placed in the field during the third week 
of June, 1935. This series differed from the 
first in that only one tree killed by sodium 
arsenite was used and the severed limbs 
and suspended logs were omitted. This se- 
ries of traps was replicated in four widely 
separated woodland areas. 

The third series of traps included all the 
types used in the second series and was 
cut and placed in the field during the last 
week of June, 1935. This series was placed 
in only one location. 

The fourth series of traps was cut and 
placed in the field during the first week of 
August, 1935. This series consisted of only 
one felled tree, one tree killed by sodium 
arsenite and one tree girdled one-half to 
1 inch into the xylem. These traps were 
duplicated in two areas. 

The fifth and last series of 1935 was cut 
and placed in the field during the second 
week of September. The traps included in 
this series were of the same type as those 
in the fourth series. This series was placed 
in only one area. 

Both Scolytus multistriatus and Hy- 
lurgopinus rufipes were known to be pres- 
ent in all the areas used for these five se- 
ries of traps. The predominant tree species 
of all these areas, except one of the four 
used for the second series of traps, was 
Ulmus americana L. In the one excep- 
tional area the predominant tree species 
was Ll’. fulra Michaux. 

All traps remained in the field from 6 to 
7 weeks. This period allowed sufficient 
time for maximum bark beetle attack but 
was not sufficient for the progeny to de- 
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velop to adults. The traps were examined 
about twice a week, the felled trees offer- 
ing the best opportunities for observa- 
tions. It was noted that the two bark 
beetles were most active early in the after- 
noon, that Scolytus multistriatus preferred 
trees exposed to sunlight, and that Hy- 
lurgopinus rufipes preferred the shaded 
trees, as was noted also by Martin (1938). 

When the traps were removed from the 
field the felled trees and those treated 
with sodium arsenite were cut into short 
sections of uniform length, and every 
other section was placed in rearing con- 
tainers which were kept at room tempera- 
ture. The remainder of these traps and all 
the other traps were debarked, counts 
were made of the bark beetle maternal 
tunnels, the number of cerambycid larvae 
and the number of buprestid larvae, and 
a record was made of other types of insect 
attack. The rearing containers were ex- 
amined daily, and a record was kept of the 
principal insects emerging. 

Resvutts.—It will be noted that not all 
the types of traps used in the first series 
were duplicated in the later series. For 
this reason only the results of the first se- 
ries are included in table 1. Table 2 in- 
cludes the results of the later series as well 
as of those traps of the first series which 
were duplicated in some or all of the later 
series. The traps cut and exposed in Sep- 
tember, 1935, and comprising the fifth se- 
ries had no infestation and are therefore 
not included in these tables. The three 
girdled elms also were omitted because 
they did not die and were therefore not 
attractive to the bark beetles. 

The results of rearing the broods in one- 
half of the sections of the felled trees and 
of those treated with sodium arsenite 
showed that larvae of the following Cole- 
optera, in the order of their abundance, 
occurred in this bark and wood: (1) Scoly- 
tus multistriatus Marsham, (2) Hylurgo- 
pinus rufipes (Eich.), (3) Saperda tri- 
dentata Oliv., (4) Magdalis armicollis 
Say, (5) Magdalis barbita Say, (6) Neocly- 
tus acuminatus (F.), (7) Xylotrechus 
colonus (F.), (8) Chrysobothris femorata 
(Oliv.), (9) Antharia viridifrons Gory, 
(10) Laemophloeus fasciatus Melsh., and 
(11) Molamba fasciata (Say). Small num- 
bers of other species were reared but they 
were not recorded. 

EXPERIMENTAL Metuops, 1937 AND 
1938.—In 1937 the experimental work 
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Table 1.—Results of elm-wood traps in first series, 1935. 





Tora Bark AREA, 
Square INCHES 


DescrIPTION AND Location or Trap 


Felled elm tree in sun 

Felled elm tree in shade 

Elm trees killed with sodium arsenite 
Severed and hanging elm limbst 
Suspended elm logst 

Elm logs stood in sun 

Elm logs laid in sun on ground 

Elm logs stood in shade 

Elm logs laid in shade on ground 


MATERNAL GALLERIES Per 100 
Square Incues or Bark AREA 





Hylu rgopinus 
rufipes 


Scolytus 
multistriatus 


2,859* 9.79 6.54 
1,561* 0.00 13.58 
4,812* 0.21 5.63 
4,524 0.51 0.42 
83,984 0.00 1.28 
7,545 1.64 0.91 
7,019 0.80 0.28 
7,014 0.96 1.45 
7,539 0.88 0.45 





* Does not include the sections used for rearing purposes. 


t No significant difference was found among the various heights. 


with elm-wood traps consisted principally 
of observing the attractiveness of felled 
elms and chemically treated elms to 
Scolytus multistriatus and Hylurgopinus 
rufipes. These observations were made in 
conjunction with a large experiment on 
the introduction of chemicals into living 
elm trees. It was noted that when certain 
chemicals were applied to living elm trees 
those trees become more favorable for 
bark beetle attack than felled trees. 

In 1938 it was decided to check these 
observations further. For this purpose 
several types of elm-wood traps were 
duplicated in two widely separated areas 
during the months of February, May and 
July. Three elm trees approximately 6, 10 
and 15 inches in diameter, breast high, 
were used for each type of trap, each 
month, and in both locations; a total of 18 
trees for each treatment. The following 
types of traps were included in these 
studies: 

1. Living elm trees felled, with the butt 
ends placed on their respective stumps. 


2. Living elm trees girdled, breast high, 
1 inch into the xylem. 
3. Living elm trees treated by means of 
a chisel girdle and a water-tight rubber- 
ized collar described by Lantz (1938) with 
the following chemicals in water solutions: 
a. Ferrous sulfate at the rate of 75 
cubic centimeters per inch diameter 
(30 grams of dry ferrous sulfate in 75 
cubic centimeters of solution 
b. Copper sulfate at the rate of 30 
cubic centimeters per inch diameter 
(1 gram of dry copper sulfate in 30 
cubic centimeters of solution 
c. Sodium chlorate at rates of 30 and 60 
cubic centimeters per inch diameter 
(5 grams of dry sodium chlorate in 
30 cubic centimeters of solution 
4. Living elm trees treated with dry 
copper sulfate at the rate of 120 grams per 
diameter inch by the method described by 
Liming (1937 
These traps remained in the field from 
5 to 7 weeks after they became suitable 
for bark beetle attack. 


Table 2.—Results of elm-wood traps in series 1 to 4, inclusive, 1935. 





DescripTIONn or Trap 
Felled elm trees in shade 
Felled elm trees in sun 
Elm trees killed with sodium arsenite 
Elm logs laid in shadet 
Elm logs stood in shadet 
Elm logs laid in sunt 


MATERNAL GALLeries Per 100 
Square INcnes or BarK AREA 


Bark AREA, Scolytus Hylurgopinus 
Square INcHEs multistriatus rufi pes 
12,177* 2.93 1.78 
26 ,724* 2.54 0.70 
24,621* 0.96 1.15 
7,539 0.88 0.45 
7,014 0.96 1.45 
7,019 0.80 0.28 
7,545 1.64 0.91 


Elm logs stood in sunt 





* Does not include the sections used for rearing purposes 
t These traps were not included in the fourth (or August) series. 
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Table 3.—Results of elm-wood traps, 1938. 
MATERNAL GALLERIES PER 
Tora. Square Foot or BARK AREA PROPORTION 
BarK AREA, —— or Bark AREA 
SQUARE Scolytus Hylurgopinus ATTRACTIVE, 
Description or Trap Fret* multistriatus rufi pes Per Centt 
Elm trees treated with sodium chlorate, 10 
grams per inch DBH{ 1,200 7.42 1.20 100.0 
Elm trees treated with sodium chlorate, 5 
grams per inch DBH 1,301 5.01 1.34 90.3 
Elm trees felled and butts placed on stumps 
2 feet in height 1,618 4.20 2.74 100.0 
Elm trees treated with dry copper sulfate, 
120 grams per inch DBH 1,689 4.55 0.46 84.0 
Elm trees treated with ferrous sulfate, 30 
grams per inch DBH 1,811 5.14 0.15 68.0 
Elm trees treated with liquid copper sulfate, 
1 gram per inch DBH 1, 767 0.58 0.15 14.4 
Elm trees girdled at breast height 1 inch into 
xylem 1,677 0.31 0.33 $2.3 





* This column includes estimates of the bark area of trap trees too green for bark beetle attack and which were therefore not felled. 
t This column refers only to the bark area on the trees that were killed and subsequently felled. 
; 


DBH, diameter at breast height. 


When the traps were examined each 
tree was cut into 4-foot sections, each sec- 
tion measured for bark area and debarked, 
and a count made of the maternal galleries 
of Scolytus multistriatus and Hylurgopinus 
rufipes. In those instances where the trees 
remained living and consequently unsuit- 
able for bark beetle attack they were not 
felled, but an estimate was made of their 
total bark area. These estimates were 
based on measurements of hundreds of 
trees of the same sizes. 

Resutts.—The results of the elm-wood 
traps of 1938 for Scolytus multistriatus and 
Hylurgopinus rufipes are included in table 
3. 

The first examination of the 1938 traps 
was made early in July, and these prelimi- 
nary results showed that elm trees treated 
with a water solution of sodium chlorate 


were considerably more attractive to the 
two bark beetles than any of the other 
traps. For this reason it was decided fur- 
ther to compare trees treated with sodium 
chlorate with felled trees in two large field 
plots. 

The two plots selected for this com- 
parative study of felled trees and trees 
treated with sodium chlorate were pre- 
dominantly Ulmus americana. The first 
plot (plot A) of about 8 acres had 871 
standing elm trees averaging 7.7+0.88 
inches in diameter at breast height. The 
second plot (plot B) of about 3.7 acres 
had 550 standing elm trees averaging 
6.5+0.125 inches in diameter at breast 
height. 

Seventeen (1.95 per cent) of the stand- 
ing elm trees in plot A were felled on July 
18, 1935, about the time of emergence of 


Table 4.—Results from the use of felled and sodium chlorate-treated elm-tree traps, 1938. 








GaLueries OF Scolytus multi- 

















AVERAGE Tora. striatus Per SQUARE 
DIAMETER Tora. Bark Foor or Bark 
NUMBER (BREAST NUMBER AREA, se — 
PLOT AND or TREES Hien), or 6-Foor SQUARE Average 
TREATMENT TREATED INCHES SECTIONS FEET Number Difference 
Plot A 
Felled 17 7.7+0.442* 117 925 5.11+0.562 
Sodium chlorate? 17 7.7+0.048 114 953 8.31+0.653 +3.20t 
Plot B 
Felled 21 6.5+0.185 106 698 13.50+0.966 
Sodium chloratet 21 6.7+0.262 115 781 19.87+1.191 +6.37} 





* The figures ee the + sign are standard errors : : 
t Applied in water solution at the rate of 10 grams of the dry sodium chlorate per inch diameter. 
t According to R. A. Fisher's table of “t,” this difference is highly significant. 
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the second brood of Scolytus multistriatus. 
The butt ends were placed on the top of 
stumps, 2 feet above the ground. On the 
same day 17 other standing trees were 
treated (Lantz 1938) with a water solu- 
tion of sodium chlorate at the rate of 10 
grams of the dry salt per inch diameter. 
Both the felled and treated trees averaged 
7.7 inches in diameter at breast height 
and were distributed on the basis of the 
distribution of the standing elm trees. 

Twenty-one (3.82 per cent) of the 
standing elm trees in plot B were felled 
and 21 other trees were chemically treated 
as in plot A on July 19, 1938. The felled 
trees averaged 6.5 inches and the treated 
trees averaged 6.7 inches in diameter at 
breast height. Both types of traps were 
distributed as in plot A. 

At the end of the flight period of 
Scolytus multistriatus all trees were cut 
into 6-foot sections, and the number of 
maternal galleries was counted for each 
section. No galleries cf Hylurgopinus ru- 
fipes were found in the traps. 
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The results of plots A and B are in- 
cluded in table 4. 

SumMAry.—The first tests with elm- 
wood traps for two bark beetles, Scolytus 
multistriatus Marsham and Hylurgopinus 
rufipes (Eich.), were made in 1935. These 
tests included (a) felled trees, (b) chemi- 
cally killed trees, (c) girdled trees and 
(d) elm logs laid and stood on the ground. 
The felled trees were the most attractive 
to the beetles. 

In 1937 it was observed that elm trees 
killed with certain previously untried 
chemicals were more attractive to bark 
beetles than were felled trees. 

The studies of 1938 included compara- 
tive tests with felled trees, girdled trees 
and trees treated with sodium chlorate, 
ferrous sulfate and copper sulfate. These 
tests indicated that trees treated with 
sodium chlorate were the most attractive. 
Further studies conducted in two large 
field plots showed that elms treated with 
sodium chlorate were significantly more 
attractive than were felled elms.—1-6-39. 
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Control of Borers in Newly Set Shade Trees 


M. D. Farrar, Illinois Natural History Survey, Urbana 


A program of establishing shade trees 
along Illinois highways provided an excel- 
lent opportunity for the study of the borer 
problem under a variety of conditions. 
The study was carried on in cooperation 
with the Illinois Division of Highways. 
Each year blocks of newly set trees were 
set aside at three locations for these 
experiments. Trees were tagged, treated 
and scored through the first and second 
seasons after planting in 1935, 1936, 1937 
and 1938. This paper reports a detailed 
study on 1,074 trees. Figures show in 
percentage the live and dead trees, trees 
attacked above the wrapping, trees at- 
tacked on the main trunk either wrapped 
or not wrapped and trees identified as 
killed by borer attack. The percentage of 
dead trees may include some trees killed 


by borers and removed before records 
were made as to cause of death. 

RESPONSIBLE INSECT Spectes.—Dur- 
ing the study, rearings were made to de- 
termine the species involved. The flat- 
headed apple tree borer, Chrysobothris 
femorata (Oliv.), accounted for nearly all 
the losses except a 1.2 per cent loss of all 
trees from the red-headed ash borer, Neo- 
clytus acuminatus (F.). The latter borer 
attacked all tree species, but preferred 
ash, hackberry, maple, oak, elm, in about 
the order named. Wrapping apparently 
has no effect in its control. In a few cases, 
hackberry trees were killed by Agrilus 
falfax (Say). 

Tree Species.—Trees in tests were 
taken as they occurred as a mixed plant- 
ing, table 1. Elm was most abundant, 
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followed by oak, maple, ash, hackberry, 
linden and sycamore. Of these, hard 
maple proved the most difficult tree to 
establish and keep free of borers. The 
order of survival for the wrapped trees 
for the first year was hackberry, elm, ash, 
oak, sycamore, linden and maple. Of 
these, ash and hackberry were seldom 
attacked by the flat-headed apple tree 
borer. Oak was moderately invaded and 
frequently was killed by a few borers 
girdling the base of the tree. Elm was 
heavily attacked but vigorous growth 
overcame injury as great as 50 per cent 
of the trunk bark area. 

Trees given the wrapping treatments 
were wrapped the first growing season. 
In October, half of the trees were un- 
wrapped and scored. At the end of the 
second growing season, those trees in 
the half wrapped 2 years were unwrapped 
and scored, and those in the group un- 
wrapped the first year were rescored. 
Data in the tables summarize the results 
under these three groupings, wrapped 
first year, wrapped first and second years, 
wrapped first year and exposed second 
year. 

Contro, THroucH Wrappinc.—Ex- 
periments proved that wrapping of the 
trunks for the first 2 growing seasons to 
be the most practical control for the flat- 
headed apple tree borer. The efficiency 
of the several wrapping treatments is 
shown in table 2. Wrappings made up of 
large sheets were superior to those of 
narrow papers wrapped spirally and form- 
ing, necessarily, many crevices. The order 
of efficiency of the several treatments was 
wrapping paper, burlap, newspaper, mus- 
lin and spiral paper. The 2-inch, spirally 
wound, crepe paper treatment should not 
be compared directly with the other treat- 
ments as it represents only a score of 
trees taken at the end of the growing 
season. 

SECOND SEASON OF Wrappinc.—A com- 
parison between trees wrapped or exposed 
for the second season shows that only 9.3 
per cent of the wrapped trunks were 
damaged while 60.7 per cent of the un- 
wrapped trunks were injured. Although 
not shown in the tables, data taken on the 
trees after their third season indicate that 
trees surviving two seasons are estab- 
lished and seldom are injured by the borer 
when growing normally. Where injury 
occurred after 2 vears it could generally 
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be traced to damage by fire, mowing 
machinery or accident. 

FartureE oF OrHer Metuops.—Two 
repellent treatments failed to control 
borers. One consisted of a long recom- 
mended mixture of soap and naphthalene, 
and the other a whitewash formula con- 
taining sulfur. 

Rather poor results were obtained with 
two treatments applied to kill the estab- 
lished young borers. Black Leaf 50 (To- 
bacco By-Products Co., Louisville, Ky.) 
was applied as a paint to the trunk. 
Dendrol, a miscible oil (Standard Oil Co., 
Indiana) plus paradichlorobenzene, 2 
pounds per gallon of oil, was diluted with 
an equal volume of water and applied 
as a paint or spray. Neither mixture 
caused injury to the tree trunks. 

PREVENTION OF Top INsuRY.—About 
20 per cent of all trees were attacked in 
the crotches and trunk above the wrap- 
pings. Most of the injury could be avoided 
by extending the wrappings up into the 
shaded portions of the trunks. Trees 
that were allowed to develop sucker 
growth on the exposed portions of the 
trunk were less subject to attack. 

SHort Periop or Arrack.—To deter- 
mine the period of attack, trunks were 
exposed for 1 month. As shown in table 
3, most of the damage was found to 
start in June and July, although in some 
years eggs are laid during May or August. 
Protecting the trunks through May to 
September was adequate in Illinois. Eggs 
laid in one year hatched and emerged as 
adult beetles the next year. The borer 
passed the winter as a partially to full- 
grown larva under the outer bark or 
deep in the heartwood. 

Table 3.—The establishment of borers in all tree spe- 


cies where the trunks were exposed without wrappings for 
one month. 








MonrTH oF 





EXxposuRE Mar Jone Juty Aveust Tora, 
Number of trees 60 69 69 68 266 
Percentage of 

trunks injured 3.3 2.7 $3.3 11.7 17.8 
Control 88 trees exposed all season 31.8 





Wrappinc Materiats.—In the course 
of experiments the different wrapping 
materials were studied for borer protec- 
tion, cost, ease of application, perma- 
nence and appearance. Regular 40-pound 
wrapping paper in 24-inch rolls was 
found superior to all other materials for 
wrapping purposes. A length of this paper 
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equal to the trunk height could be neatly 
applied in 1 or 2 minutes by two men. 
Loops of binder twine at 3- to 4-inch 
intervals held the wrapping secure for 2 
years. Newspaper was very satisfactory 
but difficult to handle without tearing. 
Burlap was very satisfactory but difficult 
to remove. Muslin was discarded after 
1 year because of higher cost. A white 
and black reinforced sisal Kraft lightproof 
paper in 4-inch width was applied as a 
spiral wrap. The white grade was supe- 
rior to black, although both were fairly 
satisfactory. They are not as permanent 
as wrapping paper, subject to breakage 
after one year and not as efficient in 
borer protection. The spiral applications 
are often too tight on smooth-barked 
trees and difficult to hold in position on 
rough trees. The 2-inch crepe paper ap- 
plied as a spiral wrap by the Illinois 
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Division of Highways was inferior to the 
experimental spiral for similar reasons 
and the very narrow width. All paper 
wrappings were found to have disinte- 
grated by the end of the second growing 
period. If any wrappings remain at that 
time they should be removed. 

Summary.—In newly established plant- 
ings of shade trees, the flatheaded apple 
tree borer, Chrysobothris femorata, (Oliv.), 
vigorously attacked all tree species pres- 
ent except hackberry and ash. Wrapping 
with paper or burlap of that portion of 
the trunk not shaded by leaves gave 
excellent protection and reduced borer 
injury. Wrapping paper was superior to 
all other materials tested for borer pro- 
tection, permanence and low cost. Newly 
set trees should be wrapped for the first 
two growing seasons after they are set.— 
1-20-39. 


Some Effects of Acid Arsenate of Lead Used Against the 
Termite, Reticulitermes flavipes (Kollar) * 


Tuomas J. Heavies and D. Maney Jossins, New Jersey Agricultural 
Experiment Station, New Brunswick 


In most of the works on the control of 
subterranean termites arsenicals com- 
mand a very considerable amount of 
attention but rarely is arsenate of lead 
mentioned as one of the arsenicals tested. 
This appears to be the condition notwith- 
standing the fact that the acid arsenate 
of lead has been shown to be the out- 
standing material for control of Japanese 
beetle and other grubs in the soil. It is 
a well known fact that when sufficient 
arsenate of lead is incorporated in the 
soil in amounts still within the tolerance 
of grasses, the true ants commonly found 
in such areas are eliminated. It is also 
a well known fact that acid arsenate of 
lead is extremely persistent in the soils 
in which it has been used. Such soils as 
Lakewood Sand lose very little of the 
arsenate of lead charge within a period of 
10 years, even when fully exposed to 
outdoor weathering effects. Furthermore, 
acid arsenate of lead moves in the soil 
up or down to a very limited extent. 
With such facts in mind, it seems truly 
strange that arsenate of lead has not 
received extensive attention as an agent 


* Paper of the Journal Series, New Jersey Agricultura] Ex- 
periment Station, Department of Entomology. 


for eliminating termites from certain 
soils. 

EXPERIMENTAL Work.—In the early 
season of 1937 opportunity arose to make 
some tests in the Lakewood Sand series, 
near Breton Woods, Ocean County, NJ. 

The pine region of New Jersey was 
chosen as the place for the experiments 
because of the extreme abundance of 
Reticulitermes flavipes (Kollar) through- 
out. Repeated studies of the prevalence 
of the termite in this area were made, 
and any log or stump not so rotten as to 
be crushable with the fingers and not so 
recently cut as still to be loaded with 
resins seemed to be infested. In areas over 
which, within less than 2 years, heavy 
forest fires had swept and in which the 
tree trunks and the logs on the ground 
were black, the termites were always 
present in suitable timber. 

Six plots were selected in a pine wood 
area such as that shown in fig. 1. Each 
plot was 8 inches deep, 16 inches wide 
and 4 feet long. Soil was removed from 
each plot. Arsenate of lead was sifted 
over the bottom and sides of the trench 
and a part of the earth replaced. This 
earth was then worked over with a garden 
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trowel. More arsenate of lead was then 
sifted in and again worked over. This 
procedure was continued with 1 to one- 
half inch layers until the trench was 
completely refilled. In each plot were 
placed two air-dried white pine boards 
30 inches long, 43 inches wide and three- 
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in this location were attacked in a few 
weeks. One of the boards in each of the 
treated plots was left undisturbed until 
June, 1938, and at the time of removal 
none of these boards showed any evidence 
of attack by termites. 


Table 1 shows that protection given 





quarters inch thick. These boards were 
buried horizontally 2 inches beneath the 
surface of the plots and covered over with 
the soil used in filling the trenches. The 
experiment was set in June, 1937. 

Resutts.—Regular checking showed 
that by August 27, 1937, termite workers 
were active in all checks. Throughout 
October, activity seemed to increase. On 
October 27, 1937, termites had worked 
entirely through one of the check boards 
and were cutting longitudinal galleries 
from end to end. 

In 5 months of exposure not a single 
sign of termite attack appeared on any 
of the boards in the plots treated with 
arsenate of lead. Unprotected boards and 
fallen limbs in contact with the ground 


Location where termite tests were made. 


by the minimum treatment with arsenate 
of lead was entirely complete for about 1 
year. This minimum treatment is about 
one-half the dose which is considered 


Table 1.—Concentration of acid arsenate of 
lead used in test plots at Breton Woods. 





EQuIVALENT 
Pounps Per 
Acre APPLI- 





PLor Pounps Per CATION 4 
No. Cusic Foor Incnes DreEep 

1 0.05 726 

2 0.10 1,452 

8 No treatment 

4 0.20 2,904 

5 0.40 5,808 

6 No treatment 
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Fig. 2.—Pine boards exposed in soi] to termite work; 1, placed in treated soil and removed 6 months later; 
2, placed in treated soil and removed 1 year later; 3, placed in untreated soil and infested in 6 weeks. 


complete treatment for Japanese beetle 
grubs. It is obvious that the minimum 
lethal dosage lies somewhere below the 
lowest treatment. 

DiscussION AND Conc.Lusions.—Reti- 
culitermes flavipes (Kollar) is apparently 
prevented from working timbers sur- 
rounded by soil treated with acid arsenate 
of lead. The cost of making such a treat- 
ment on soil beneath the structure to be 


erected is comparatively very small. The 
persistence of such a treatment is extraor- 
dinarily long, even when fully exposed 
to weathering agencies, and when not 
so exposed it is probably much longer. 
The results of this study seem to indicate 
that we may have been overlooking a 
cheap and practicable method for control 
of the common termite, Reticulitermes 
flavipes.—1-9-39. 


The Relation of Nutritional Levels to the Growth 


of Populations of Tribolium confusum 


Duv. 


II. Eqq Production in Patent Flour and in Patent 
Flour Supplemented With Yeast 


Horace O. Lunp and Raves J. Busane ry, University of Georgia, At 


In the first paper of this series Bush- 
nell 1938), it was pointed out that in the 
development of populations of the con- 
fused flour beetle, Tribolium confusum 
Duv., the number of young larvae present 
was significantly higher in a yeast-supple- 
mented cornmeal diet than in a plain 
cornmeal diet. It was suggested that this 
abundance of young larvae may have 
been due to an enhanced productivity of 
the females fed on the yeast-supple- 
mented diet. It is the purpose of the study 


hens 
reported here to test this suggestion by 
making complete egg-production records 
of beetles living on patent flour and on 
yeast-supplemented patent flour. 
Metnops.—The beetles to be tested 
were reared on a cornmeal patent flour 
medium to the pupal stage, when the 
sexes were sorted. On the day after 
emergence of the adults, single pairs were 
placed in 2-ounce salve tins along with 
10 ounces of food medium. The food 
consisted of plain patent flour or 8 ounces 
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of patent flour thoroughly mixed and 
sifted with 2 ounces of finely ground 
brewers’ yeast. The salve tins were ven- 
tilated through a three-quarter-inch disk 
of 60-mesh wire cloth soldered into the 
cover and were kept in an incubator at 
approximately 30 degrees C. The hu- 
midity was regulated roughly by keeping 
a flat pan of saturated sodium chloride 
in the bottom of the incubator (12 by 
14 by 17 inches). The flour was changed 
at intervals of approximately 1 month. 
The beetle eggs were sifted out with a 
no. 4 silk bolting cloth sieve at 3-day 
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each. These might have produced a few 
more had not a failure of the incubator 
thermostat abruptly terminated the ex- 
periments at the beginning of the eighth 
month. At this time, 26 yeast-fed females 
and 6 females not fed on yeast were killed. 
The lowest record for a yeast-fed beetle 
was 255 eggs. The highest record for a 
beetle on plain flour was 828 eggs and 
the lowest 148 eggs. 

In fig. 1, the average production of 
eggs by 19 pairs on plain patent flour 
and 39 pairs on yeast-supplemented pa- 
tent flour is indicated for each 3-day 
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period, and no attempt was made to 
determine the percentage of the eggs that 
were viable. 

Resutts.—That the inclusion of yeast 
in the diet raised the production of eggs 
is shown by the fact that the yeast-fed 
beetles totaled 742.1 + 47.4 (S.E.) eggs per 
female, while those not fed on yeast 
totaled only 490.0 + 37.7 eggs per female. 
The figures for egg production on yeast- 
supplemented flour are roughly compar- 
able to the records of Good (1936) on 
whole-wheat flour. One yeast-fed beetle 
produced 1,547 eggs—the highest re- 
corded figure for a Tribolium individual 
and 8 others produced over a thousand 


be noticed that the beetles on the yeast- 
supplemented diet produced distinctly 
more eggs during the first 7 weeks, fell 
behind the next 4 weeks and then assumed 
the lead again for the remaining 4 months 
or more of life. This would indicate that 
the yeast diet stimulated the early deposi- 
tion of eggs, an indication supported by 
the arrangement of the production peaks, 
those of the yeast-fed individuals pre- 
ceding those of the non-yeast-fed indi- 
viduals. The presence of the two distinct 
production peaks on each type of feeding 
would suggest that the eggs tend to be 
matured in batches or waves. 

The highest individual egg production 
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on the yeast medium for any one 3-day 
period was 82, an average of 27.3 eggs 
for each of the 3 days, and in 19 of the 
3-day periods, the beetles averaged 18 
eggs or better per day. The highest record 
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on plain patent flour was 22 eggs for 
each of the 8 days in the period and for 
only two periods did the Tribolium beetles 
average better than 18 eggs per day.— 
12-7-38. 
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A New Pest of Books, Neogastrallus librinocens Fisher 


E. A. Back, U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Most books in the Gulf Coast area of 
the United States that become damaged 
by the so-called “book borers” are in- 
jured by the cigarette beetle, Lasioderma 
serricorne (F.), or the drug store weevil 
Stegohium paniceum (L.). Books badly 
damaged by another anobiid beetle were 
received by the writer on November 15, 
1937, from the Rev. Charles McGinley 
of St. Leo Abbey, St. Leo, Fla., with the 
statement that many of the books in the 
Abbey library had been ruined. Specimens 
taken from the books were forwarded to 
W. S. Fisher of the Division of Insect 
Identification of the Bureau of Ento- 
mology and Plant Quarantine and were 
found to represent a new genus and 
species, described and named Neogastral- 
lus librinocens Fisher (Fisher 1938). 

DeEscriPTIOn AND Brotocy.—The uni- 
formly dark reddish-brown, moderately 
shiny beetles, sparsely clothed with short, 
recumbent grayish pubescence, vary in 
size but average about 2.4 millimeters long 
and 1.2 millimeters wide. They appear 
less robust than adults of either the 
cigarette or the drug store beetles. The 
larvae, white in color except for the lower 
one-third of the head, are from 2 to 3 
millimeters long when well grown and are 
more slender than the larvae of Lasio- 
derma serricorne or Stegobium paniceum, 
as indicated in fig. 1. The larvae make 
burrows slightly more than 1 millimeter 
in diameter, fig. 1. Nothing is known 


concerning the biology of the insect except 
that in November, 1937, and in April and 


June, 1938, all stages were present in 
books examined. 

INFESTATION IN FLoripa Founp ONLy 
AT St. Leo anp St. AuGustine.—A visit 
to St. Leo during April, 1938, revealed 
that the most seriously injured books 
had been presented to the Abbey from 
the estate of Bishop Moore of St. Augus- 
tine, Fla., who died July 20, 1901. This 
fact supplemented with the statement by 
the Rt. Rev. Abbot Francis Sadlier, head 
of the institution at St. Leo, that books 
in the rectory of the cathedral at St. 
Augustine were infested, led the writer 
to visit St. Augustine. With the coopera- 
tion of the Rev. I. Nunan and the Rev. 
John H. O'Keeffe, the books of the rec- 
tory were examined. They were in some 
instances badly infested. Later, in June, 
the library of St. Joseph’s Academy, St. 
Augustine, was found very generally in- 
fested. It was also learned that the early 
cathedral records had been so damaged 
by anobiids that they were reconditioned 
during 1937 by the National Archives to 
prevent their utter destruction. Through 
the courtesy of Mrs. Katherine 5. Lawson 
of the St. Augustine Historical Society 
and of the librarians of the St. Augustine, 
Key West, Tampa and Miami public 
libraries, examinations in these libraries 
were made but they failed to show the 
presence of Neogastrallus. 

With everything pointing to the collec- 
tions of the late Bishop Moore and the 
Cathedral records as the original source 
of the infestations at St. Leo and St. 
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Fic. 1.—Neogastrallus librinocens Fisher: a, mature larva (X18); 6, larval burrows in sheepskin binding, 

and also results of attack upon fabric binding; ¢, results of typical attack at sewed edges of pages when 

infestation is starting; d, adult emergence holes in edges of pages in advanced infestation, and also broken 
edges of pages where fingers have been inserted to force book open. All natural size except a. 


Augustine, it was learned from Father cover that all the records of the Cathe- 
Nunan that Bishop Moore’s aptitude for dral, including the vital statistics and 
historical research had led him to dis- church furnishings, had been loaded into 
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the ship Our Lady of Light, under the 
command of Don Marcos Capitillo, and 
carried to Havana, where they arrived 
February 6, 1764. This effort of the 
Bishop of Havana, in charge of the 
Catholic diocese then including the West 
Indies, Florida and Louisiana, to protect 
the possessions of the St. Augustine Mis- 
sion from destruction by the English 
when they took over the rule of Florida, 
resulted in the records, in the form of 
handwritten bound volumes, being de- 
posited in the archives of what is now 
called Columbus Cathedral in Havana. 
There they remained until Bishop Moore, 
discovering them and recognizing their 
historical importance to Florida, negoti- 
ated their return to the archives of the 
St. Augustine Cathedral, some time be- 
tween 1890 and 1900. 

As no other books in Florida had been 
found infested with Neogastrallus libri- 
nocens except those originating in the St. 
Augustine Cathedral or in the house of 
Bishop Moore, it was suspected that when 
the records were returned from Cuba they 
carried an infestation which later was 
spread in gifts of books to the Catholic 
institutions above mentioned. 

To discover if Neogastrallus librinocens 
existed in Cuba, the writer visited Ha- 
vana in June, 1938, and had no difficulty 
in finding Neogastrallus infesting books 
in all book stalls visited, in the National 
Library in the Capitol Building and in 
the Columbus Cathedral. In the closely 
guarded archives of the Columbus Ca- 
thedral itself some of the unused volumes 
of old records, some dating back to the 
sixteenth century, were so badly riddled 
by NN. librinocens and Catorama Iniblio- 
thecarum Poey (det. W. S. Fisher) that 
the pages could not be turned, because 
of fluid emitted by the larvae in building 
burrows and pupal chambers. 

MoperN AND ANcrIENT Books In- 
FESTED.—Both modern and old books are 
attacked. Injury is greatest, usually, to 
the bindings, perhaps due to the presence 
of glue used in applying the coverings. 
Cloth, threads and string used in holding 
pages together are cut by the feeding 
larvae, with the result that the binding 
breaks and the leaves fall out. Some 
badly infested books cannot be opened 
except by main force, because of the secre- 
tions of the larvae made in constructing 
their pupal chambers. 
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New Parasite Sometimes Very 
ABUNDANT.—Parasites collected from in- 
fested books in St. Augustine have been 
identified by C. F. W. Muesebeck as a 
new species, Heterospilus anobiidivorus 
(Muesebeck 1939). Numerous cocoons of 
the parasite were found in the burrows 
of Neogastrallus in both Florida and Ha- 
vana. In one book, 21, 26, 19, 33 and 20 
cocoons were counted in the burrows on 
pages 1, 39, 86, 166 and 244, respectively. 
In a second book, 10, 22, 26, 40, 27, 10 
and 25 cocoons were found in the bur- 
rows in pages 200, 214, 288, 316, 400, 
$54 and 506, respectively. It seems prob- 
able that this parasite, much more abun- 
dant in Havana, but present in St. Augus- 
tine, is an important control agent. 

FuMmIGATION Errective.—The libraries 
of the St. Leo Abbey and St. Joseph’s 
Academy, and books taken to the latter 
from the rectory of the St. Augustine 
Cathedral, were fumigated in June, 1938, 
with hydrocyanic acid gas, an equivalent 
of 1 pound of sodium cyanide being used 
in each 1,000 cubic feet of space. Exami- 
nation of books at St. Leotwo weeks after 
fumigation showed no living insects. No 
living insects could be found in the fu- 
migated books at St. Leo and St. Augus- 
tine about one year after fumigation. 

Summary.—A new anobiid pest of 
books, .Veogastrallus librinocens Fisher, 
was recorded during 1938 from St. Leo 
and St. Augustine, Fla. It probably was 
introduced with old records to the rectory 
of the St. Augustine Cathedral with the 
return, about 1890-1900, of the records 
from Havana, where they were taken 
from St. Augustine by the Spanish in 
1764. Although widespread in Havana, 
infestations were not found during 1938 
in the public libraries of Key West, 
Tampa, Miami or St. Augustine. Both 
old and modern books are affected. Bind- 
ings containing glue seem most severely 
affected, but some books with paper 
covers are ruined. The feeding burrows 
of the larvae cut the binding materials, 
causing the pages to fall out. The pages 
themselves may be riddled and cut by 
burrowing larvae, and firmly stuck to- 
gether by the cementlike material emitted 
by the larvae in constructing their pupal 
chambers. A parasite, Heterospilus anobi- 
idivorus Mues., was found in St. Augus- 
tine and Havana and evidently is an 
important factor in control.—1-9-39. 
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Tests of Soil Treatments for the 
Control of the Fire Ant, Solenopsis geminata (F.) 


Bernarp V. Travis,* U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Practically every publication dealing 
with control measures for ants suggests 
the use of some soil fumigant, but there 
are only two references in the literature 
on the relative effectiveness of different 
soil treatments for species of Solenopsis. 
Clark (1931) in experiments with S. 
geminata reported calcium cyanide dust 
to be more effective than carbon disul- 
fide, miscible carbon disulfide, para- 
dichlorobenzene, sodium fluoride, tobacco 
dust or sulfur-naphthalene. Mallis (1938) 
reported that repeated applications of a 
mixture of 1 part of carbon disulfide to 
3 parts of carbon tetrachloride usually 
gave very satisfactory control for S. 
ryloni var. maniosa Wheeler. He also 
used lime, slaked and unslaked, dusted 
under houses, to drive out fire ant 
colonies. Mallis stated that he had used 
carbon disulfide emulsion and corrosive 
sublimate treatments, but that additional 
work was needed to prove their ef- 
ficiency. 

The experiments discussed in this paper 
were conducted in southern Georgia on 
Ichuaway Plantation, near Newton, Baker 
County, and in northern Florida on 
Forshala and Horseshoe Plantations, near 
Tallahassee, Leon County. In the Georgia 
area the soil is coarse and sandy for at 
least 6 feet in depth (no soil survey has 
been made). The Florida area is an 
Orangeburg fine sandy loam with the top 
4 to 15 inches a fine sandy loam and the 
subsoil for at least 36 inches a red sandy 
clay. Underlying beds of sand are some- 
times present at 5 to 10 feet. 

Metnops or CueckinGc Resuits.—lIf 
no activity of a treated colony was noted 
at the time of the observation, the ant 
mound was dug out and thoroughly ex- 


* Acknowledgments are due the managers of Ichuaway, 
Forshala and Horseshoe Plantations for their cooperation. The 
author is especially grateful to H. L. Stoddard and E. V. Ko- 
marek of the Cooperative Quail Study Association, for their 
cooperation and counsel during these studies. 


amined for live ants. If none could be 
found in or around the mound, the colony 
was recorded as inactive. Observations 
were continued at frequent intervals for 3 
months following treatment. 

The results as indicated by the per- 
centages of inactive colonies are some- 
what misleading, since the numerical re- 
duction of ants is not shown. Evaluation 
of the insecticides tested in these experi- 
ments is based on actual data presented 
and also on the author’s observations of 
the reduction in size of the colonies. The 
final comparison of the tests is based on 
two observations, one made 1 week and 
the other 3 months after treatment. The 
increase in the percentages of inactive 
colonies between the two observations is 
the result of the disappearance of very 
small and scattered activities following 
the application of the insecticide. Since 
the fate of these small groups of ants fre- 
quently cannot be determined, the com- 
parison of the results as recorded 1 week 
after treatment is more reliable. 

The method used by the Forshala 
Plantation (1931-36) in applying the 
cyanide was to punch, with a sharp- 
pointed stick, two to six holes about 6 to 
8 inches deep in each colony mound and 
then to pour 1 to 2 quarts of a cyanide 
solution (1 ounce of sodium cyanide to 
1 gallon of water) into these holes. Ob- 
servations by the author on 553 colonies 
treated in this manner by the plantation 
crew in 1936 showed 29 per cent of the 
colonies to be inactive the first week 
after the treatment and 66 per cent at the 
end of 3 months. Part of these colonies 
were treated when the soil was dry to a 
depth of 8 to 12 inches in the mounds and 
part following a heavy rain. Of the 221 
colonies treated during the dry weather, 
31 per cent were inactive at the end of the 
first week and 49 at the end of 3 months; 
of the 332 fumigated following the rain, 28 
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per cent were inactive at the end of the 
first week and 77 per cent at the end of 3 
months. One hundred colonies treated 
with dry sodium cyanide eggs (1 ounce 
of cyanide placed 2 to 12 inches deep in 
each colony) by the Forshala Plantation 
crew during May and June, 1937, were 
observed by the writer. At the end of the 
first week 64 per cent of the colonies hg 
inactive and, at the end of 3 months, 53 
per cent. 

The complete history of these small 
activities is obscured by the following 
three main factors: (1) The habit of small 
groups of ants of showing no signs of ac- 
tivity outside the nest over periods as 
long as several months; (2) rank growth 
of herbaceous vegetation, consisting most- 
ly of broomsedge, Andropogon virginicus 
L., and partridge-pea, Chamaecrista fas- 
ciculata (Michx.) Greene, interposing a 
considerable handicap to accurate obser- 
vations; and (3) the impossibility of de- 
termining in all cases whether a colony 
has been destroyed or whether it has mi- 
grated through underground passages. 

Unless otherwise stated, the data pre- 
sented are for colonies treated in the 
spring and early in the summer. 

Soprum CyanipE.—Preliminary reports 
(Travis 1938a, 1938b) pointed out that 
sodium cyanide has been used for 7 years 
by Forshala Plantation as a means of 
reducing fire ants to protect young quail 
at the time of hatching. Not only have 
ant colonies been treated over the entire 
plantation (1932-37), but special efforts 
were made to treat those within a 50-foot 
radius of all quail nests under observa- 
tion (1931-37). It is obvious, from a study 
of this and adjacent property, that the 
colonies have been reduced materially in 
size by the cyanide treatments, but there 
is still a dangerously high population of 
ants on Forshala Plantation. 

As a test of the method used by the 
plantation, an attempt was made to de- 
stroy with sodium cyanide all colonies in 
two “eradication” fields.t It was hoped 
that fire ants could be removed from 
these areas and that the rate of reinfesta- 
tion could be observed. 

One area of 5 acres on Forshala Planta- 
tion received five treatments in 1935, 
eight in 1936 and one in 1937. There were 


t All treatments were applied by the writer except those of 
ee on to mote te by ooo 

nto: lant tine, 
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S. Peters, formerly of the Bureau 
U. S. Department of 
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no records of the number of colonies in 
1935, but 88 were recorded in 1936, 171 in 
1937 and 89 in 1938. The second area, a 
3-acre tract on Ichuaway Plantation, was 
treated 4 times in 1936 and 12 times in 
1937. In 1936 there were 61 colonies on 
this area, 139 in 1937 and 144 in 1938. 
The numbers of colonies given above are 
those present at the beginning of each 
season. 

The liquid method for the application 
of sodium cyanide was tested by pouring 
solutions of various strengths both into 
holes punched in the mounds and on top 
of the mounds so that they broke through 
the top crust and ran down the galleries. 
The cyanide solution was found to be 
more effective when poured down the gal- 
leries than when poured into holes 
punched in the mound, table 1; effective- 
ness was judged by considering the re- 
duction in size of colonies and the num- 
ber of colonies completely destroyed. 

To check the results of a technique 
used by Forshala Plantation in 1935, in 
one test at Ichuaway Plantation, table 1, 
the holes were covered with soil following 
the application of the fumigant. The extra 
labor cost does not justify the slight ad- 
vantages noted for this procedure in 
either the sandy or the clay soils. In all 
tests with cyanide solution 1 gallon of the 
liquid was applied to each colony. 

Dry sodium cyanide eggs (1 ounce) 
were also applied to colonies to determine 
the efficacy of these as a control measure. 
The cyanide was placed at the desired 
depth in holes punched in the center of 
the anthill either with a sharpened stick 
or with a steel rod. The hole was then 
filled with loose soil. Although the data, 
table 1, indicate that this method is not 
so efficient as the use of cyanide in solu- 
tion, the numerical reduction of ants is 
sufficiently high and the cost of applica- 
tion so much less that the dry cyanide 
treatments are more practical than the 
wet and should be considered in control 
campaigns. The dry-egg method was less 
effective in sandy than in clay soils. 

In one experiment (1937) dry sodium 
cyanide eggs (1 ounce per colony) were 
placed 12 inches deep in 13 colonies, and 
then one cup of acid solution (1 ounce of 
sulfuric acid to 1 ounce of water) was 
poured into the hole. The hole was im- 
mediately plugged with soil. This time 
consuming and dangerous method of 
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treatment offered no advantage, table 1, and September are not included in the 

over either the liquid or the dry applica- tabulated data. 

tions. Caucrum CyanipeE.—In 1936 calcium 
The most promising results with soil cyanide dust was tested in both soil 

treatments were obtained in the spring types. The dust was poured down holes 

from March to the middle of May, and punched in the center of the colony 


Table 1.—Percentages of colonies showing no activity after treatment with sodium cyanide ap- 
plied either in aqueous solution or dry into holes punched in the colony mound, Tallahassee, Fla., and 
Newton, Ga., 1936, 1937 and 1938. 











PERCENTAGE OF COLONIES SHOWING 








QUANTITY NUMBER OF No AcTIVITY AFTER TREATMENT 
Per Covony, PLACE OF COLONIES - —_—_—_—— - 


OuNCcES APPLICATION TREATED 1 Week 


3 Months 














Tallahassee, Fla. (Clay Soil) 
In solution 


1 In galleries 137 53.6 86.1 
2 In galleries 6 33.3 83.3 
l In holes 765 30.8 63.8 
Dry In soil at indicated 
depth, inches 
l 3 80 42.5 42.5 
l 6 80 45.0 48.9 
l 12 185 52.4 42.7 
l 24 85 28.1 38.8 
l 4-12 5 86.7 60.0 
l 12* 13 38.5 30.8 
} 3 40.0 40.0 
} 6 5 0.0 0.0 
} 12 5 0.0 20.0 
; 24 5 20.0 0.0 
} 5 5 40.0 60.0 
} 6 3 0.0 40.0 
i 12 5 0.0 0.0 
r 24 5 20.0 20.0 











Newton, Ga. (Sandy Soil) 
In solution 








1 In galleries 52 48.1 
2 In galleries 44 56.1 
l In holes 169 48.5 
2 In holes 115 55.7 
3 In holes 64 45.3 
3 In holest 26 57.7 
Dry In soil at indicated 
depth, inches 
1 3 25 36.0 
1 6 66 28.0 
l 12 31 19.4 
1 24 23 4.3 
1 12-18 5 40.0 
2 12-18 41 48.8 





* Plus acid solution 
t Holes covered. 


the least promising late in the summer mounds, after which the holes were filled 
and early in the fall. One ounce of sodium ___ with soil. In one case (Forshala Planta- 
cyanide solution applied to each of 15 tion) the mound was scraped away, 2 
colonies in August and September failed tablespoonfuls of the dust were sprinkled 
to destroy a single colony, and 2 ounces’ over the exposed galleries, and the soil 
per colony destroyed only 15 per cent of replaced; this colony was destroyed by 
13 colonies. The experiments for August — the treatment. 
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At Ichuaway Plantation, 11 colonies 
were each treated with 1 heaping table- 
spoonful of calcium cyanide placed at 
depths of 18 to 24 inches, and 21 were 
treated likewise with 2 heaping table- 
spoonfuls of the dust. One week later 
73 per cent of the first group of colonies 
and 57 per cent of the second were in- 
active. 

Thirteen colonies (Forshala Plantation ) 
received 1 heaping tablespoonful of cal- 
cium cyanide each in holes 12 to 18 inches 
deep. One week after this treatment 17 
per cent were inactive and 3 months later 
92 per cent. One colony treated with 1 
level tablespoonful of the dust placed 12 
inches deep in the mound survived the 
treatment. The calcium cyanide gave 
slightly better results than the sodium 
cyanide, in either dry or liquid form, but 
the additional cost of the chemical (cal- 
cium cyanide 2.3 cents and sodium 
cyanide 1.4 cents per colony) and the 
danger of handling powdered material 
does not justify its use over large areas. 

Cuvoropicrin.—Chloropicrin was ap- 
plied in holes punched to various depths 
in the anthills and then the holes were 
plugged with soil. 

In November, 1936, two colonies were 
treated with 5 cubic centimeters, one 
with 10 cubic centimeters, and one with 
15 cubic centimeters of this material 
placed 8 inches deep in the mound. Al- 
though many ants were killed, all the 
colonies remained active. 

In the spring of 1937, 28 colonies were 
treated with this fumigant placed 6 to 8 
inches deep, and 5 with the fumigant 
placed 30 to 36 inches deep. Of those with 
the chemical placed 6 to 8 inches deep, 
six colonies received 5 cubic centimeters, 
seven 10 cubic centimeters, seven 15 cubic 
centimeters, six 25 cubic centimeters, one 
50 cubic centimeters and one 100 cubic 
centimeters. At the end of the first week 
the respective percentages of inactive 
colonies for these treatments were 17, 29, 
43, 33, 0 and 100, and at the end of 3 
months the percentages were 50, 57, 71, 
33, 0 and 100. Of the colonies with the 
fumigant applied 30 to 36 inches deep, 
one received 5 cubic centimeters, two 10 
cubic centimeters, one 50 cubic centimeters 
and one 100 cubic centimeters. At the end 
of the first week only two colonies were 
inactive, one having been treated with 5 
cubic centimeters of the chemical and the 
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other with 10 cubic centimeters, but at 
the end of the 3-month period only the 
one receiving the 5-cubic-centimeter 
treatment remained active. 

Carson Disutripe.—Carbon disulfide 
was tested undiluted, in emulsion (1 part 
of sulfonated castor oil to 3 parts of car- 
bon disulfide) and in emulsion combined 
with sodium cyanide. When used un- 
diluted, it was poured into a hole punched 
in the colony mound and the hole was 
then filled with soil. The emulsion forms 
were mixed with water and poured di- 
rectly down the galleries into the mound. 
The results obtained with this chemical, 
table 2, at least with the single-applica- 
tion method of treatment, appear no more 
promising than those with sodium cya- 
nide, and the expense is much greater. 

Carson TetracuLoripe.—This chem- 
ical has been tested undiluted and _ in 
emulsion form (1 part of sulfonated castor 
oil to 3 parts of carbon tetrachloride). The 
method of application was the same as 
that used for carbon disulfide. The results 
obtained, table 2, with this gas appeared 
to be only slightly better than those with 
the carbon disulfide. 

Sutrur Dioxipe.—This gas was ap- 
plied through a piece of copper tubing 
inserted in a hole punched 3 feet deep in 
the center of the colony mound. Soil was 
tamped around the tubing to prevent un- 
due escape of the gas and the hole was 
plugged with soil after the tubing had 
been removed. 

In September, 1937, sulfur dioxide was 
applied to six fire ant colonies, one receiv- 
ing 1 pound, two 2 pounds, two 8 pounds 
and one 10 pounds of the gas. Small ac- 
tivities persisted for about a week, but 
after this time no living ants were seen. 
In March, 1938, five colonies each were 
treated with 1,2, 5 and 10 pounds per 
colony. One week after the fumigation all 
those receiving 1 and 2 pounds, 20 per 
cent of those given 5 pounds and 60 per 
cent of those given 10 pounds were in- 
active. Three months later 20, 100, 40 and 
100 per cent, respectively, were inactive. 

It should be noted that the use of sul- 
fur dioxide was very destructive to 
vegetation. In several instances plants at 
a distance of over 70 feet from the point 
of application were killed. One year later 
there were still no plants growing within 
a diameter of about 3 feet around the 
area where the gas was applied. 
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Sutrur.—Finely divided sulfur was 
tested on five ant colonies at the rate of 
l pound per colony. Part of the powder 
was poured down a hole punched 3 feet 
deep in the center of the colony and part 
was mixed with the top soil of the mound. 
No ants seemed affected, and all moved to 
new locations. 

Derris.—Commercial derris powder 
(rotenone content not determined) was 
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the 2 weeks following treatment. In two 
of the five colonies a wingless queen was 
found in the pile of dead ants but it was 
not known whether these were mother 
queens or alate queens from which the 
workers had removed the wings before 
they were carried to the dump heaps. One 
of these colonies eventually disappeared 
whereas the other survived the treatment. 
It was interesting to note that the ants 


Table 2.—Percentages of colonies showing no activity after treatment with various insecticides, 





Tallahassee, Fla., 1937 and 1938. 


TREATMENT 
Per Covony, 
Cusic CENTI- 


INSECTICIDE METERS 

2— 25 

; . 380— 60 
Carbon disulfide 80-192 
220-320 
2— 25* 

. . ; S0— 60 
Carbon disulfide emulsion 30-192 
220-400 

6- 18 
Carbon disulfide emulsion plus 90 = 
1 ounce of sodium cyanidet 90 

6- 12 

Carbon tetrachloride 48 
96 
6— 12* 

Carbon tetrachloride emulsion : 48 
96 





PERCENTAGE OF COLONIES 
SHow1nG No Activity 
ArrerR TREATMENT 





NUMBER OF 
COLONIES — 





TREATED 1 Week 3 Months 
41 14.6 34.3 
11 10.0 81.8 
16 $1.3 62.5 

2 0.0 100.0 
22 9.1 27.2 
22 33.3 59.1 
18 50.0 83.3 

$ 0.0 100.0 
10 0.0 10.0 
10 30.0 50.0 

5 40.0 40.0 
10 50.0 60.0 
10 40.0 40.0 

5 80.0 80.0 
10 20.0 0.0 
10 60.0 0.0 

5 40.0 20.0 





* Emulsion volumes are given as carbon disulfide and carbon tetrachloride equivalents. 


t September treatment. 


applied in sufficient quantities to cover 
the colony mound with a thick coating of 
dust. At the time of the application of this 
insecticide the colony was stirred with a 
stick to expose as many ants as possible 
to the powder. Three hours after treat- 
ment many partially paralyzed ants were 
seen, and large numbers of dead ants were 
-arried from these colonies during the fol- 
lowing week. One week after treatment 20 
per cent of the colonies showed no ac- 
tivity, but 3 months later all of the 
colonies were active and all of them ap- 
peared to be normal. 

Sopium Fivoripe.—Five colonies were 
treated with sodium fluoride (commercial, 
90-95 per cent) with the same technique 
as used in the derris tests. Many dead 
ants were carried from the mounds during 


refused to excavate in the dusted mounds, 
and the survivors moved to new locations. 
At the end of 1 week 40 per cent of the 
colonies were inactive and at the end of 
3 months 60 per cent. 

Discussion.—It was interesting to 
note that up to a week following the ap- 
plication of the gases of high density 
there was a moderate number of live ants 
present in most of the mounds. Many of 
them disappeared rapidly within the next 
2 weeks and many of the colonies became 
inactive. Just what happened to these 
ants is unknown, since no sign of migra- 
tion or new colony mounds could ever be 
found. The surviving colonies eventually 
migrated to new locations. In the case of 
the cyanide treatments, the surviving 
ants usually moved immediately. The 
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erratic results obtained are due probably 
to the small samples. 

Owing to the heavy carpet of herba- 
ceous vegetation, colonies can be located 
easily only following the controlled burn- 
ing of the plantations. Ant control pro- 
grams are thus necessarily limited to the 
period from the middle of March to the 
middle of June. 

Since many of the activities following 
treatment cannot be accurately followed, 
the percentage of active colonies 1 week 
after treatment is the most reliable for 
determining the value of treatments. 

SumMAry.—Repeated applications of 
sodium cyanide not only failed to elimi- 
nate fire ants from experimental areas, 
but the number of colonies was appar- 
ently increased by the treatments. There 
was, however, a large numerical reduction 
of ants. Single applications of sodium 
cyanide in solution were most effective 
in clay soils when poured down the gal- 
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leries instead of into holes punched in the 
mounds. Dry cyanide treatments did not 
destroy so many colonies as the liquid, 
but the results indicate that this is a 
method to be considered in control cam- 
paigns. Calcium cyanide dust gave 
slightly better results than the sodium 
cyanide, but the additional cost of the 
chemical and the danger of handling 
powdered material do not justify its use 
over large areas. Gases of high density, 
such as chloropicrin, carbon disulfide, 
carbon tetrachloride and sulfur dioxide, 
were not effective unless the applications 
were so large that the expense was pro- 
hibitive. Such powders as sulfur, derris 
and sodium fluoride were ineffective. The 
most promising results with soil treat- 
ments were obtained in the spring. The 
evidence, however, indicates that soil 
treatments can effect only a temporary 
reduction and not an elimination of fire 
ant colonies.—2-3-39. 
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Time and Temperature in Relation to the Destruction of 
Sugar-Tolerant Yeasts in Honey 


G. F 


Many thousands of dollars are lost 
annually through fermentation of honey. 
Increased production has made it neces- 
sary to have honey on the market the 
year round. It is under commonly avail- 
able conditions of storage that fermenta- 
tion takes place. The recently developed 
method of processing has decreased the 
loss in storage of granulated honey to 
some extent, but more information re- 
garding thermal death points of yeasts is 
required for improving this process and 
preventing loss in unprocessed stocks. 

Honey in the liquid state is rarely 
found fermented. Fermentation takes 
place when the dextrose crystallizes out 

* The writer is indebted to Dr. E. J. Dyce and W. G. LeMais- 
tre for guidance and advice throughout the investigation and in 


the preparation of this paper. The author also wishes to thank 
Dr. A. G. Lochhead of Ottawa for the cultures of yeasts 


Townsenp,* Ontario Agricultural College, Guelph, Ontario, Can. 


as a monohydrate and leaves the levulose 
in solution with a considerably increased 
water content. 

Much work has been done both in the 
United States of America and in Canada 
to determine the cause of fermentation 
and discover a means of control. There 
are three known methods of control. 
Marvin (1928) suggests storing honey 
below 52 degrees F. The limiting factors 
in this practice are the expense involved 
and the fact that the honey would be 
subject to fermentation upon removal 
from storage. 

Lochhead & Farrell (1930b) suggest 
the use of chemicals as preservatives. This 
practice would be permissible under the 
pure food laws, but it has been opposed 
by the beekeepers. 
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Heating has been found the most prac- 
tical method in the control of fer- 
mentation for both the liquid and the 
crystallized trade. There are two methods 
of pasteurization now in practice. 

1. The honey is heated to 145 degrees 
F. and held at this temperature for 30 
minutes, or 

2. It is heated to 160 degrees F. or 
more for a very short time. 

These two methods are very efficient 
as far as the destruction of the yeasts is 
concerned, but some of the good qualities 
of the honey are often lost. 

A lack of knowledge concerning the 
thermal death point of yeasts in honey has 
resulted in the use of high temperatures 
which impair the selling qualities of the 
honey. Overheating drives off the char- 
acteristic flavors; caramelizes the sugars, 
melts the resins and other inclusions, thus 
darkening the honey. 

Ossect.—The object of this investiga- 
tion was to establish a minimum time 
and temperature curve by which honey 
may be pasteurized. The thermal death 
points of yeasts commonly causing fer- 
mentation have been reported in media 
other than pure honey, but there are con- 
flicting reports on the thermal death 
points of these yeasts in honey. 

Review or Lirerature.—Work done 
by Fabian & Quinet (1928) shows that 
although organisms other than sugar- 
tolerant yeasts are present in honey, they 
are unable to grow because of the high 
osmotic index and the high hydrogen 
ion concentration. Dr. Lochhead (1929) 
showed that four types of Zygosaccharo- 
myces and one of Torula were the only 
yeasts commonly found in fermented 
Canadian honeys. 

Previous investigations have estab- 
lished the fact that probably all honeys 
are infected with sugar-tolerant yeasts, at 
least in some degree. Nussbaumer (1910) 
found evidence of yeasts in 34 out of 38 
samples of Swiss honeys and 18 out of 
23 foreign samples. Marvin (1928) ex- 
pressed the belief that yeast cells are 
found in almost all honeys. Lochhead & 
Heron (1929) examined 191 samples of 
normal Canadian honeys and found 
sugar-tolerant yeasts in all samples. 

A number of investigators have proved 
that fermentation is caused by the action 
of sugar-tolerant yeasts, capable of de- 
veloping in concentrated sugar solutions. 
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Non-osmophilic yeasts will not develop 
in honey. 

Fabian & Quinet (1928) found that 
bacteria and molds predominate on a 10 
per cent honey agar, but, if the honey is 
increased to 30 per cent, yeasts predomi- 
nate and no bacteria are found. 

In the work of various investigators the 
following conclusions regarding pasteuri- 
zation of honey were reached. 

1. Nussbaumer (1910) advised heating 
honey to 70 degrees C. (158 degrees F.) 
for 30 minutes. 

2. Marvin (1928) found it possible to 
prevent fermentation of honey by hold- 
ing it at 100 degrees F. for several 
months; by heating it to 122 degrees F. 
for 24 hours; or by heating it to 160 de- 
grees F., pouring it into containers and 
sealing it while hot. He states, “‘Fer- 
mentation, provided the honey has been 
heated all the way through to this tem- 
perature, is immediately and completely 
stopped.” 

3. Thermal death point determinations 
according to Fabian & Quinet (1928) 
showed that the vegetative cells of Zygo- 
saccharomyces were killed at a tempera- 
ture of 50 degrees C. (122 degrees F.) for 
10 minutes in broth and that the vegeta- 
tive cells of Torula were killed at a tem- 
perature of 50 degrees C. (122 degrees F.) 
for 15 minutes in broth. In honey, the 
vegetative cells of Zygosaccharomyces 
were killed at a temperature of 60 degrees 
C. (130 degrees F.) for 5 minutes and 
Torula at 60 degrees C. (130 degrees F.) 
for 10 minutes. 

The ascospores were killed at a tem- 
perature of 65 degrees C. (149 degrees F.) 
when held for 5 minutes in broth and 
75 degrees C. (167 degrees F.) for 10 
minutes in honey. Fabian & Quinet con- 
cluded that in order to pasteurize honey 
it should be heated to 145 degrees F. for 
30 minutes. 

PRocEDURE.—Inoculated honey for use 
in this investigation was prepared in the 
following manner. In order to obtain a 
large number of colonies, individual 
transfers of five yeasts, namely, Zygosac- 
charomyces mellis, Z. nectarophilus, Z. 
richteri, Z. nussbaumeri and Torula mellis, 
were made to 80 per cent honey broth. 
These broth cultures were incubated at 
32 degrees C. (90 degrees F.) for 6 days 
and then stored in a refrigerator at about 
30 degrees F. A 10-pound pail of liquid 
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honey, having a water content of 18.6 
per cent, was inoculated by adding 15 
cubic centimeters from each broth cul- 
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Temperature, Decrees F 


Fic. 1.—The dotted line shows, at any given tem- 

perature, the length of time necessary to heat and 

hold a honey of 18.6 per cent moisture in order to 

pasteurize it effectively. The solid line shows the 

total length of time that would be required to heat 

the same honey when in a layer 3.5 millimeters 
thick in order to pasteurize it effectively 


ture. This inoculated honey was stirred 
well and stored at room temperature. 

The actual pasteurization tests were 
carried out in the following manner. 
Three cubic centimeters of the inoculated 
honey was introduced to the bottom of a 
sterile test tube 100 millimeters long and 
12 millimeters wide (inside dimensions 
by means of a sterile pipette. A sterile 
thermometer of 5 millimeter thickness 
was inserted into the test tube and left 
there throughout the pasteurizing. A 
water bath which could be maintained 
within +1 degree F. of any required 
temperature was used for the pasteuriz- 
ing. In order that all samples might be 
started at a standard temperature they 
were brought to 100 degrees F. before 
being placed in the hot water bath. 

As each sample was removed from the 
hot water bath it was cooled immediately 
to 60 degrees F. The time was recorded 
when the sample was put into the hot 
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water bath and again when the sample 
reached 100 degrees F. during the cooling. 
The highest temperature reached and the 
duration of the heating was recorded. The 
sample was then corked and allowed to 
stand for 1 day at room temperature be- 
fore being plated. 

Fifty per cent sterile honey was used 
for the dilution blanks. Plates were made 
up of 1:100, 1:1,000 and 1:10,000 dilu- 
tions, media added and the plates incu- 
bated for 6 days at 32 degrees C. (90 
degrees F.) before being counted. The 
media were poured at a temperature of 
105-110 degrees F. 

The formula used for the media was de- 
veloped by Dr. Lochhead (1929) and is 
as follows: 


1. Honey 600.0 grams per liter 


2. Peptone 1.0 grams per liter 
8. K.HPO, 1.0 grams per liter 
$t. MgSO, 0.5 grams per liter 
5. Ammonium 0.5 grams per liter 
tartrate 
6. NaCl 0.1 grams per liter 
7. CaCl 0.1 grams per liter 
8. Agar 25.0 grams per liter 


The honey broth contained 800 grams 
of honey per liter and other ingredients 
as for the agar media. 

The agar was dissolved separately in 
500 cubic centimeters of water by auto- 
claving. The warmed honey and other 
ingredients were added and the mixture 
brought to 1 liter with water. The pH was 
adjusted to 6.8 with concentrated sodium 
hydroxide. 

All glassware, media and dilution honey 
were autoclaved at 15 pounds pressure for 
20 minutes. 

Table 1 shows the results of the experi- 
ments. The graph, fig. 1, is drawn from 
the results in table 1. 

In order to determine the accuracy of 
the graph, inoculated honey was heated 
for varying times and temperatures on 
either side of the graph. The plates for 
this work were incubated at 32 degrees C. 
(90 degrees F.) for nine days before count- 
ing. The results as indicated in table 2 
show the graph to be accurate. 

It was noticed that there was a sudden 
drop in the number of colonies per cubic 
centimeter at a definite time for each 
temperature. Since Fabian & Quinet 
(1928) suggest that Torula is more re- 
sistant than Zygosaccharomyces, it was 
thought worth while to discover if this 























October 1939 


Table 1.—Results of heating experiments with honey. 
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TEMPERATURE Tora. Time 





HIGHEST Time Hevp at Maxt- 





or WATER HEATED, TEMPERATURE MUM TEMPERATURE, 
BATH, MINUTES AND COLONIES PER REACHED, MINUTES AND 
Decrees F. SECONDS Cusic CENTIMETER DecresEs F. SECONDS 
130 150:00 1,000 130 146:00 
130 165:00 600 130 161:00 
130 180:00 0 130 176:00 
135 50:00 1,000 135 46:00 
135 54:10 100 135 50:40 
135 58:15 0 135 54:40 
135 60:00 0 135 56:00 
140 12:35 120 ,000 140 8:40 
140 20:35 400 140 16:40 
140 23:15 600 140 19:40 
140 25:35 0 140 21:40 
145 3:45 1,500,000 142 Instant 
145 10:35 800 145 6:40 
145 11:40 0 145 7:40 
145 12:45 0 145 8:40 
150 3:40 15,000 146 Instant 
150 4:10 1,000 150 Instant 
150 5:45 0 150 1:40 
155 2:45 7,000 147 Instant 
155 3:50 6,000 149 Instant 
155 3:40 500 150 Instant 
155 3:35 0 151 Instant 
155 4:34 0 153 Instant 





drop was the result of the destruction of 
Zygosaccharomyces though not of Torula. 

A sterile honey was inoculated with the 
four types of Zygosaccharomyces, and 
samples were heated to the temperature 
and for the time at which the sudden 
drop in colonies per cubic centimeter was 
noticed. 

It was found that this sudden drop in 
count was not caused by the destruction 
of Zygosaccharomyces and the survival of 
Torifla. 

Discussion.—To insure that the honey 
used in these experiments was properly 


inoculated, several counts were made on 
1 cubic centimeter samples of both the 
broth cultures and the inoculated honey. 
It was found in all cases that yeast colo- 
nies were present in numbers too great 
to be counted in the one-millionth dilu- 
tion. 

There are some features of this investi- 
gation which may have some bearing on 
the practical application of the results 
obtained. 

1. On microscopical analysis no asco- 
spores could be found in the honey which 
was used. This analysis was carried out 


Table 2.—Results of experiment to determine accuracy of the graph in fig. 1. 





Time HEwp at 


Toray Time HIGHEST MaxImMuM 
HEATED, CoLONIES PER TEMPERATURE TEMPERATURE, 
SaMPpLE TEMPERATURE, MINUTES AND  CuBsic CENTI- RecorpED, MINUTES AND 
Run No. No. Decrees F. SECONDS METER Decrees F. SECONDS 
10 22 137 35:45 1,200 137 31:40 
23 137 42:30 0 137 38:40 
25 142 17:20 400 142 13:40 
26 142 21:25 0 142 17:40 
7 147 5:30 500 147 1:40 
28 147 9:20 0 147 5:40 
Check Numerous — 
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by centrifuging the honey to obtain the 
maximum number of cells. All microscopic 
slides were stained. It cannot definitely 
be stated that no ascospores were present, 
but none were observed. Fabian & Quinet 
(1928) state that it takes much longer to 
destroy the ascospores than it does the 
vegetative cells. If there were no asco- 
spores present in this honey, the times 
and temperatures as given in this thesis 
would apply only to honeys which did 
not contain ascospores. 

2. The thickness of the layer of honey 
heated will have some effect on the time 
required to bring the honey from 100 de- 
grees F. to the temperature of the hot 
water bath. A similar effect will also take 
place for the cooling. The layer of honey 
used in this investigation was 3.5 milli- 
meters thick, and the average time re- 
quired for it to be raised from 100 de- 
grees F. to the temperature of the water 
bath was 3 minutes. The average time 
required to cool the honey down to 100 
degrees F. was 1 minute. 
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3. The density or moisture content of 
the honey may have some influence on 
the pasteurization times and tempera- 
tures. The moisture content of the honey 
used in this work was 18.6 per cent. 

+. While the particular honey used in 
this investigation did not appear to 
deteriorate under the conditions to which 
it was subject, this might not be true of 
all honeys. 

5. It is hoped that these results may 
be of value as preliminary work for a 
commercial method of flash pasteuriza- 
tion, which will not injure the quality of 
the honey. 

Conciusion.—The vegetative stages 
of the yeasts Zygosaccharomyces mellis, 
Z. nussbaumeri, Z. richteri, Z. nectaro- 
philus and Torula mellis, which are those 
commonly causing fermentation in Ca- 
nadian honeys, are destroyed when 
heated in a honey of 18.6 per cent mois- 
ture, to the temperatures and for the 
lengths of time as shown in the graph 
contained in this thesis.—1-6-39. 
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Ventilating the Bee Colony to Facilitate 
the Honey Ripening Process* 


Joseru F. Remyuarpt,t University Farm, St. Paul, Minn. 


Ripeness or sugar concentration is of 
importance in standardizing honeys; it is 
a factor in granulation and also in spoil- 
age by fermentation. Thin honey is often 
accompanied by delay in extraction or 
serious loss. The problem of sugar con- 


* Journal Paper No. J605, Project No. 129, of the Iowa 
Agricultura! Experiment Station, Ames 


t The author acknowledges his gratitude to Dr. O. W. Park 


for his counsel in the design and progress of the experiment and 
te Dr. M. C. Tanquary for reading the manuscript. 


centration turns attention directly to the 
honey ripening{t process and the condi- 
tions which influence that process in the 
bee colony. 

The normal ripening of honey would 
apparently be influenced by the following 
factors: the humidity, temperature and 
air movement within the hive, the amount 


t In this paper the term ripening refers only to the evapora- 
tion of water from the nectar, and ripeness of honey is expressed 
in terms of sugar concentration. 
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and sugar concentration of the nectar 
brought in each day, the area of empty 
comb space, the weather conditions out- 
side the hive, and the rate of exchange of 
air between the inside of the hive and the 
surrounding atmosphere. This last phe- 
nomenon is known as ventilation. It is 
governed by the fanning of the bees 
themselves, and the number, size and 
position of openings to the colony. Of all 
the factors which influence honey ripen- 
ing there are two over which the bee- 
keeper can exert control, the area of comb 
space and the rate of ventilation. It was 
the author’s purpose to determine when, 
where and to what degree the beekeeper 
an facilitate the honey ripening process 
by increasing ventilation. 

The factors governing the honey ripen- 
ing process have received little attention. 
Probably the most nearly complete con- 
sideration is that of Hambleton (1925) in 
an analysis of the factors involved in 
nocturnal loss of weight of a bee colony 
during the honey flow. This author cor- 
related the net honey gain with the noc- 
turnal loss immediately following the 
day’s gain. The effect of diurnal gain on 
loss the second night was not significant. 
The author states, ““This would indicate 
that the greater part of the necessary 
evaporation is accomplished the first 
night and little is left over until the sec- 
ond night.” External factors, such as 
weather conditions, were not found to cor- 
relate significantly with nocturnal loss 
during the spring period. Hambleton calls 
attention to regional climatic and forage 
factors as causes of variations. He notes 
that the opinions of European workers 
range from 1 to 7 days in time required 
for the formation of honey. 

O. W. Park (1928) demonstrated that 
sugar water evaporated more rapidly 
from honeycomb cells one-fourth full 
than from cells three-fourths full. This 
indicated that the quantity deposited in 
a comb is a factor in the rate of ripening. 
Jessup (1925) demonstrated that 500 to 
800 cubic feet of air pass through the 
entrance of the colony every hour, and 
he suggested that since ventilation is more 
rapid during the day than at night the 
honey ripens more during the day. Green- 
leaf (1933) expressed the opinion that 
honey sometimes ferments for lack of 
ventilation. 

The events of the honey ripening proc- 
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ess have been determined by following the 
sugar concentration of the nectar from 
the time it was first collected in the field 
to the time when it became ripe honey 
in the combs. The work of O. W. Park 
showed that the ripening process may be 
divided into two parts; manipulating the 
nectar by the house bees to concentrate it 
before deposition in the combs, and evap- 
oration after deposition. To study the lat- 
ter step, Park (1933) developed a special 
technique which was followed in the pres- 
ent work. For uniform deposition of green 
honey in empty combs a special colony 
was prepared. Park’s description follows: 

“At 4:00 p.m. on July 18, a nucleus... 
was installed in a 10-frame Langstroth 
hive on two frames almost completely 
filled with brood, one frame of unsealed 
honey and seven frames of foundation. 
An abundance of young bees (house bees) 
were added by shaking bees in front of the 
nucleus. . . . Old bees flew home, but the 
young ones joined the nucleus. At eight 
o’clock the following morning a strong 
colony was removed from its stand and 
this small colony put in place of it. Thus 
the field force was added automatically 
in such a way that no ripe or partially 
ripe honey would be carried over into 
the experimental hive. 

“Smoke was not used either in connec- 
tion with the preparation of the special 
colony or later when removing combs or 
returning them. This precaution was 
taken in order or avoid causing the bees 
to fill their honeysacs with honey already 
stored, because the admixture of such 
honey would reduce the accuracy of the 
results.” 

Later in the day the comb of honey in 
the colony described was replaced by an 
empty comb which had been previously 
washed and dried. The bees were per- 
mitted to deposit nectar in the empty 
comb for part of the day. In the evening 
this comb was removed from the hive, 
the bees were brushed off and the sugar 
concentration of a sample of the nectar 
was determined with an Abbé refractom- 
eter. The comb was then caged to pre- 
vent the bees from removing the nectar 
or depositing more, and the caged comb 
was placed between combs of ripening 
honey in one of the supers of a normal 
colony. The ripening process was fol- 
lowed by removing the comb and deter- 
mining the sugar concentration from 
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Fic. 1.—Rate of ripening for combs of series I, June 24 to July 15, 1933. Comb A, reduced ventilation; comb 
B, normal ventilation; comb C, normal ventilation plus one-half inch crack below top story; comb D, normal 
ventilation plus screen cover. 


samples. The honey became ripe§ in three 
days. 

In the present investigation the tech- 
nique of Park was followed with certain 
modifications. The special colony was 
made as strong as possible, and four ex- 
perimental combs (designated A, B, C 
and D) were used instead of one. Later in 
the day, after the combs were partially 
filled, they were removed from the hive 
and the bees brushed off. A sample of 
the green honey was pipetted from 30 
cells distributed systematically over one 
side of the comb. Then a sample was 
taken from the other side in like manner. 
As soon as all four combs were sampled, 
sugar concentrations were determined 
with the refractometer. The average of 
the two sides constituted the datum for 
each comb. 

In order to test the effect of ventilation 
on the ripening process, four colonies as 
nearly alike as possible were selected in 
which the experimental combs were to 
ripen. Then each colony was provided a 
different degree of ventilation. After the 
combs were caged, comb A was placed in 
a colony with the entrance reduced to a 
crack one-fourth inch deep across the 
width of the hive. The colony with comb 
B had normal ventilation as provided by 


§ Honey is considered ripe when it has a sugar concentration 
of at least 80 per cent. 


the regular entrance three-fourths inch 
deep. The comb C colony in addition to 
the normal entrance had the top super 
slid forward one inch, providing so-called 
upward ventilation by a one-half-inch 
crack at the back. In the comb D colony, 
the usual inner cover was replaced by a 
wire screen, 16 wires to the inch. The 
telescoping outer cover was placed on 
four l-inch blocks, so that an abnormal 
amount of ventilation was provided. Rip- 
ening of the green honey under these sev- 
eral degrees of ventilation was followed 
by sugar determinations at 24-hour inter- 
vals until the honey reached ripeness. 

The experiment was repeated three 
times: the first set of combs, series I, was 
run from June 24 to July 15, 1933; series 
Il from July 17 to 24; and series ILI from 
June 26 to 30, 1934. Daily observations 
are recorded in figs. 1, 2 and 3. In the 
last experiment, fig. 3, comb D had a 
poorer deposition of green honey than 
the other three and was eliminated. 

In order to account as well as possible 
for any irregularities in results, factors 
other than ventilation were considered. 
The honey flow (or average daily honey 
gain) was determined from four colonies 
on scales. These colonies were weighed 
ach evening. Average daily temperature 
and humidity data were calculated from 
hygrothermograph records. These data 
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Table 1.—Temperature, humidity and honey flow throughout the experiment. 
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AverRAGE DaltLy 


AVERAGE Dalry AVERAGE DalILy 


AVERAGE DaltLy RELATIVE ABso_uTe Hvu- Honey Friow, 
TEMPERATURE, Humnupiry, MIDITY, GRAINS PoUNDS PER 
DAT! Decrees F Per Cent Per Cusic Foor COLONY 
Series ] 
19383 
June 24 80.6 66.3 7.3 8.2 
25 81.5 81.3 9.2 8.8 
26 $4.7 69.38 8.8 7.8 
27 $1.2 69.38 7.9 4.5 
28 77.7 75.4 7.5 3.7 
29 77.7 78.5 8.0 8.0 
30 84.9 55.7 7.0 4.8 
July 1 80.0 76.4 8.2 4.8 
2 72.2 82.2 7.0 2.9 
3 72.5 70.7 6.0 4.1 
+ 72.5 64.4 5.6 5.1 
5 73.7 53.1 4.7 5.2 
6 71.6 54.5 4.7 5.0 
7 44.9 79.6 8.1 4.5 
8 77.9 87.0 9.0 $.2 
9 77.9 81.4 8.3 5.1 
10 80.8 69.3 7.8 5.8 
1] 80.4 80.8 8.8 1.5 
12 85.2 67.3 8.0 3.8 
13 83.1 64.8 7.8 2.3 
14 78.4 63.1 6.6 2.0 
Average 78.6 71.0 7.4 4.8 
Nerte I] 
19838 
July 17 71.9 62.2 5.3 2.9 
18 77.2 61.5 6.1 1.9 
19 79.6 67.0 7.0 2.2 
290 81.6 64.6 7.4 1.9 
21 77.0 79.6 7.9 0.4 
22 77.7 76.6 7.6 0.5 
23 70.8 86.4 7.0 0.1 
Average 76.5 71.1 6.9 1.4 
Series I1l 
1984 
June 26 88.8 14.8 6.3 +.8 
27 90.8 39.6 6.1 0.2 
28 91.5 37.8 5.8 3.0 
\verage 90.4 40.7 6.1 2.7 





for the exper'ment are presented in table 1. 

VENTILATION AS AN ImporTANT Fac- 
TOR.—Series I, fig. 1, shows marked dif- 
ferences in rates of ripening correspond- 
ing to different degrees of ventilation. 
Comb A with the least ventilation failed 
to ripen in 21 days, while comb B reached 
ripeness in 11 days, and combs C and D 
in 6 days. The rates of ripening increased 
as ventilation was increased. It appears 
that ventilation was the controlling factor 
in the honey ripening process. There is 
little difference between combs C and D, 
so we may conclude that ventilation has 
its limitations and carried to an extreme, 


as in the case of D, it was probably need- 
less exposure of the colony. 

It is important to observe the fluctua- 
tions of comb A. From July 2 to July 6 
the absolute humidity was lower than the 
average for the series, table 1 and simul- 
taneously comb A made a definite rise 
in sugar concentration. From July 7 to 
13 the absolute humdity rose above the 
average, and the sugar concentration de- 
creased to approximately 76 per cent, 
where it remained for the interval. On 
July 14 absolute humidity and honey flow 
both declined and the sugar rose to 78 
per cent. 
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The weather conditions, table 1, 
throughout series I were very favorable 
for an abundant honey flow. The tem- 
perature was moderate and the humidity 
fairly high. The honey flow was 4.8 
pounds per day per colony; however, dur- 
ing the week in which combs C and D 
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Under the conditions of series II an in- 
crease in ventilation above normal was 
apparently of little benefit in speeding up 
the rate of ripening. However, normal 
ventilation showed a significant advan- 
tage over reduced ventilation. 

The combs of series ILI, fig. 3, ripened 
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Fic. 2.—Rate of ripening for combs of series II, July 17 to 24, 1933. Comb A, reduced ventilation; comb B, 


normal ventilation; comb C, 


normal ventilation plus one-half inch crack below top story; comb D, normal 


ventilation plus screen cover. 


ripened it was much higher than the 
average for the period. With more nectar 
brought in, conditions within the hive 
were less favorable for ripening. Had these 
conditions remained constant, combs A 
and B would have ripened even more 
slowly and the significance of increased 
ventilation would appear greater by 
comparison. 

The combs of series II, fig. 2, ripened 
much faster than those of series I. Comb 
A ripened in 7 days, combs B and C in 
3 days and comb D in 2 days. These 
faster rates are attributed to the fact 
that the honey flow dropped from 4.8 
pounds per day to 1.4 and ceased entirely 
at the conclusion of the series. With less 
nectar brought in, the humidity within 
the hive would be lower. Consequently, 
conditions were more favorable for the 
ripening process in the case of series II. 

Comb A _ with reduced ventilation 
ripened much the most slowly. Combs 
B, C and D apparently ripened slightly 
faster as ventilation was increased. When 
initial concentrations are considered, 


these differences are of little significance. 


with great rapidity. There was a moderate 
honey flow; the average was 2.7 pounds 
per day, table 1. Absolute humidity was 
only slightly lower than that in series II. 
But the temperature averaged 90.4 de- 
grees F. for the period, 13.9 degrees higher 
than that of series II]. For 5 to 6 hours 
each day the thermometer read above the 
100-degree mark and reached 104 de- 
grees F. every afternoon. These high tem- 
peratures with their effects on relative 
humidity and the ventilating activity of 
the bees account for the rapid rate of 
ripening. 

Very little difference in ripening is 
shown between combs of series III. Comb 
A with reduced ventilation required only 
18 hours longer to ripen than comb (C. 
This suggests that even the least degree 
of ventilation tested was adequate under 
the conditions, in which case all combs 
would ripen at about the same rate as 
was observed. 

A comparison of weather and honey 
flow records for the three series shows that 
the data may be regarded as a cross 
section of the typical Iowa honey produc- 
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ing seasons; the differences between the 
three series show the variability of con- 
ditions. Park found that honey ripened 
in the combs in 3 days. Though he pre- 
sents no data concerning honey ripening 
factors, his results seem to demonstrate a 
set of conditions comparable to series II 
of the present work; while series I ap- 
proaches one extreme and series III the 
other. 

The present work might appear to con- 
flict with Hambleton’s observations. Noc- 
turnal loss represents only a part and 
probably a lesser part of the honey ripen- 
ing process. In addition, nocturnal loss 
represents a combination of other factors 
not connected with the honey ripening 
process. Hence the true relationships of 
weather, net gain and nocturnal loss to 
the honey ripening process tended to be 
obscured. It must be kept in mind that 
the ripening of honey proceeds at a 
rapidly diminishing rate as the vapor 
pressure of the honey approaches equi- 
librium with the moisture of the air in 
the hive. Honey which appears to be 
nearly ripe may require a long period to 
attain ripeness. The author agrees with 
Hambleton that temperature and rela- 
tive humidity have apparently a minor 
effect on honey ripening unless the out- 
side temperature is greater than that 
within the hive. If air is heated to a more 
or less constant temperature after pass- 
ing into the beehive, absolute humidity 
should show a more marked effect than 
relative humidity. Comb A, series I, 
seems to illustrate the effect of absolute 
humidity. The results presented here are 
not perfectly comparable to Hambleton’s 
work because of regional and climatic 
differences and the fact that in the present 
work the bees did not have access to the 
ripening honey. It is known that bees re- 
move green honey from the comb and 
ripen it further by manipulation; how- 
ever, the extent and importance of this 
phenonenon to the honey ripening proc- 
ess have not been determined. 

Because increased ventilation had little 
effect on ripening in series III is no reason 
for ignoring ventilation when similar con- 
ditions occur. Beekeepers have found 
special ventilation useful in swarm con- 
trol and also in prevention of loafing and 
clustering during hot weather. 

The results of this experiment show 
that a honey ripening problem actually 
exists. Series I demonstrates that a con- 
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dition may not be uncommon in which 
green honey reaches a point of equi- 
librium with other conditions and ceases 
to ripen as long as those conditions con- 
tinue. When the observed conditions were 
most favorable for honey production they 
were least favorable for honey ripening. 
Under those same conditions increased 
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Fic. 3.—Rate of ripening for combs of series III, 
June 26 to 30, 1933. Comb A, reduced ventilation; 
comb B, normal ventilation; comb C, normal ven- 
tilation plus one-half inch crack below top story. 








ventilation was most effective in speed- 
ing up and completing the honey ripening 
process. Whether ventilation is always an 
effective compensator when other ripen- 
ing conditions are unfavorable remains 
to be seen. Further investigation and 
actual practice are to be desired in solving 
this problem. 

Conciusions.—Conclusions drawn 
from this experiment are as follows: 

1. Special provision for upward venti- 
lation was effective in speeding up and 
completing the ripening of honey under 
conditions of mild weather and an abun- 
dance of nectar. 

2. Special ventilation is of little value 
to the honey ripening process when 
weather is hot and excessively dry or the 
honey flow is slight. 

3. Temperature, humidity and _ the 
character of the honey flow are important 
factors in the rate of honey ripening and 
they determine whether special provisions 
for ventilation are of any effect on the 
speed of the honey ripening process.— 
1-6-39. 
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The Hygroscopic Properties of Honey 


E. C. Martin,* Cornell University, Ithaca, N.Y. 


Water absorptive properties of many 
foods have been studied, particularly with 
regard to the relative humidities at which 
they may best be stored. Beekeepers and 
honey packers are well aware that honey 
is hygroscopic. The fact that honey of 
high moisture content is more susceptible 
to fermentation than honey of low mois- 
ture content makes it imperative that 
water absorption by honey be guarded 
against in all stages of production. A more 
definite knowledge of the hygroscopic 
properties of honey is fundamental to an 
understanding of ripening conditions 
within the hive, proper extracting and 
proper storage. 

Browne (1922) studied the moisture 
absorptive powers of different sugars and 
other carbohydrates, including honey, and 
found that, of the various substances in- 
vestigated, starch absorbed moisture most 
readily, but levulose was most retentive 
of its moisture. Waters (1923) subjected 
films of honey to varying atmospheric 
humidities and concluded that honey 
adjusts its moisture content to that of the 
atmosphere by which it is surrounded. 
Lothrop (1937) investigated the ability 
of honey to absorb and to retain moisture 
as a basis for the utilization of honey for 
industrial purposes. Cakes in which the 
various honeys were used showed better 
moisture retaining qualities than those 
containing other sugar sirups, with the 
exception of levulose sirup. 

Fabian & Quinet (1928) report that 21 
per cent moisture content seemed to be 
the critical point for fermentation to begin 
in a group of 21 honey samples. Extracted 
honey stored at a relative humidity of 


* The writer is indebted to Dr. E. F. Phillips for guidance 


throughout the course of this investigation, and for assistance 
in the preparation of this paper 


100 per cent increased in weight as much 
as 32.99 per cent. Comb honey was also 
found to absorb moisture in a saturated 
atmosphere. 

Honey in the previously mentioned ex- 
periments was exposed in thin films and 
no evidence is given as to what extent 
moisture changes penetrate into a mass of 
honey. The present work was undertaken 
to study the responses in different depths 
of honey, both in the liquid and crystal- 
lized form, when exposed to various rela- 
tive humidities; that is, to determine to 
what extent hygroscopicity is a surface 
phenomenon and to what extent moisture 
disperses through the honey, altering the 
water content and thereby affecting the 
storage and in some localities the grading 
problem. 

Metunops.—To get data on the re- 
sponse of honey to different relative 
humidities, chambers were prepared in 
which different relative humidities were 
maintained, and in which honey samples 
of various depths were exposed in both 
liquid and granulated form. When in use 
the chambers were effectively sealed and 
were kept at a fairly constant tempera- 
ture of 20 degrees C. Relative humidity 
in these chambers was controlled chiefly 
by means of aqueous solutions of certain 
salts with considerable excess of undis- 
solved salt kept in a closed limited space. 

The solutions of various salts were 
placed in the chambers and the honey 
samples exposed on screens above them. 
Table 1 gives the relative humidities em- 
ployed and the agents used to attain 
them. 

Samples of liquid honey were placed in 
glass evaporating dishes of fairly uniform 
construction, 35 millimeters in diameter, 
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the surface area varying from 850 to 880 
square millimeters. Honey was used in 
depths of 7, 14, 21, 28 millimeters. A trace 
of sodium benzoate was added to samples 
in the higher relative humidities, as a 
preservative. Clover honey was used, the 
original water content being 17.4 percent. 
Samples were weighed periodically to 
0.0001 gram. 

Crystallized honey samples were ex- 
posed in a duplicate series of relative 
humidities. The honey was obtained by 
agitating firmly granulated honey until it 
was soft enough to transfer to beakers 
approximately 42 millimeters in diameter. 
The honey was clover honey with an 
original moisture content of 16.2 per cent. 

To determine the rapidity with which 
moisture may be absorbed through honey 
cappings, a section of comb honey was 
placed at 81 per cent relative humidity. 
The wooden section surrounding the comb 
was covered with beeswax to prevent 
absorption of moisture. 

To compare the relative hygroscopicity 
of dextrose and levulose, a crystalline 
sample of each sugar was exposed for ap- 
proximately a week in each of a series of 
relative humidities from 20 per cent to 
81 per cent. Percentage increase in mois- 
ture was computed from weighings. 

Resu.tts.—The percentage of water in 
the honey samples was calculated from 
each weighing and these percentages are 
shown for liquid honey in table 2. Tables 
for crystallized honey are not included. 
The liquid honey containing 17.4 per 
cent moisture was at equilibrium at 58 
per cent relative humidity; that is, the 
amount of water given off at the surface 
of the honey equalled that being absorbed. 
Honey samples at 66, 76 and 81 per cent 
relative humidities were approaching 
equilibrium between the water content of 
the honey samples and the relative hu- 
midity of the atmosphere at the close of 
observations. It was not possible to con- 
tinue the experiment until all the samples 
reached equilibrium. 

Honey exposed to high relative hu- 
midity absorbs water rapidly. The water 
content of liquid honey sample a exposed 
to nearly 100 per cent relative humidity 
increased 1.08 per cent per day for 20 
days. In a period of less than 3 months 
this sample increased in weight 84.4 per 
cent, the sample containing 55.2. per 
cent moist ure at the close of observations. 
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In all samples the rate of water exchange 
became progressively slower as time of 
exposure continued. Where moisture is 
being lost, a dry film forms on the surface 
of the honey, which retards diffusion and 
loss of moisture. Loss of water from ripe 
honey at low relative humidity is usually 
slower than gain of water at high relative 
humidity. Moisture loss from honey 


Table 1.—Relative humidities employed in 
the experiment and the agents used to attain 
them. 





Per CENT 
RELATIVE 
Hwumipity AGENT 


0.0 CaCl anhydrous 

20.0 KC.H,O, supersaturated solution 
$2.3 CaCl.-6H,0 supersaturated solution 
42.0 Zn(NO;).:6H,O supersaturated solution 
52.0 NaHSO,-H,O © supersaturated solution 
58.0 NaBr-2H,O supersaturated solution 
66.0 NaNO, supersaturated solution 
76.0 NaC,H,O,-3H,0 supersaturated solution 
81.0 (NH,).SO, supersaturated solution 
99.0 ZnSO,y-7H,O _ supersaturated solution 
100.0 Distilled water 





samples at approximately 0 per cent rela- 
tive humidity was less rapid than at 20 
per cent relative humidity. 

The rate of change in percentage water 
content varied inversely with the depth 
of honey, while the amount of water 
change varied directly with the depth, 
showing that water absorption or loss is a 
surface phenomenon. The gain or loss of 
water is transmitted through the mass of 
honey by diffusion to or from the lower 
depths. Theoretically, all samples in each 
chamber would eventually contain the 
same percentage of moisture. 

Crystallized honey samples exposed to 
relative humidities of 81 per cent and 
higher liquefied gradually from the sur- 
face downward. These samples increased 
in water content at the surface until 
presumably no dextrose remained in ex- 
cess of saturation. Liquefaction continued 
as the moisture diffused downward. When 
complete liquefaction occurred, the sam- 
ples contained between 35 and 40 per 
cent moisture, which is roughly the same 
as the percentage of dextrose in most 
honeys. None of the crystallized honey 
samples reached equilibrium. Water ex- 
change in crystallized honey is apparently 
slower than in liquid honey. 

The comb-honey section was exposed 
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Table 2.—Per cent water in liquid honey samples at various weighings. Approximate original 
depth of honey exposed: a, 7 millimeters; b, 14 millimeters; c, 21 millimeters; d, 28 millimeters, 





Revative Sam 


Homipity | PLe Date 
Dec. 9 | Dec. 14) Dec. 19) Dec. 23) Jan. 8 | Jan. 12/| Jan. 21! Feb. 10) Feb. 21 Mar.2 Mar. 25 Apr. 2 | Apr. 18 
20 percent’ a 17.400) 15.618) 14.730) 14.242 13.136) 12.934) 12.535 11.789) 11.466 11.307 10.927) 10.807 10.663 
b 17.400, 16.552) 15.967) 15.644 14.729, 14.546) 14.213) 13.473) 13.141, 12.980) 12.577) 12.449) 12. ¢89 
r 17.400) 16.817) 16.388) 16.101 15.316) 15.146) 14.826] 14.151) 13.833) 13.679) 13.291 13.164) 13.003 
d 17.400) 16.971) 16.647) 16.422 15.765) 15.616) 15.317) 14.975) 14.667) 14.515) 14.133) 14.008 13.847 
Dec. 10 | Jan.14 | 
32 percent) a 17.400) 16.123) 15.197) 14.710) 13.610) 13.308) 13.017} 12.260) 11.931) 11.772) 11.387 11.275) 11.130 
| b 17.400) 16.676) 16.020) 15.645) 14.705] 14.437| 14.164) 13.439) 13.099) 12.946 12.547 12.423) 12.275 
c 17.400 16.922) 16.475) 16.166) 15.369) 15.120) 14.863) 14.152) 13.868 13.710 13.321 3.197) 13.046 
d 17.400) 17.055 16.701) 16.472) 15.804) 15.593) 15.370) 15.041) 14.744 14.590 14.208 14.087) 13.93] 
Dec. 9 | Dec. 13 | Jan. 22 | 
$2 percent!) a 17.400) 16.083) 15.110) 14.653 13.632) 13 365} 13.044) 12.436) 12.152 12.032 11.843 11.695) 11.619 
b 17.400) 16.686 16.023) 15.667) 14.780) 14.516) 14.204 13.587) 13.285 153.145 12.805) 12.720) 12.600 
c 17.400) 16.905 16.401) 16.120) 15.350) 15.109) 14.820) 14.228 13.929 13.754 13.427) 13.329) 13.195 
d 17.400) 17.035 16.621) 16.390) 15.699) 15.500) 15.227) 14.669 14.381 14.237 13.884) 13.778) 13.645 
| Jan. 9 | 
52 per cent a 17 400) 17.274 17.198) 17.162) 17.146) 17.123) 16.887) 16.536 16.397 16.360 16.247) 16.169) 16.168 
b 17.400) 17.333) 17.206) 17.274) 17.216 17.184) 17.040 16.726) 16.591 16.489 16.370 16.275 16.236 
c 17.400) 17.356, 17.315) 17.288) 17.238 17.206) 17.092 16.816 16.686 16.630 16.459 16.374 16.327 
d 17.400) 17.363) 17.330 17.307) 17.266 17.243) 17.144 16.895 16.771 16.715 16.536 16.460 16.409 
Dec. 8 | Jan. 23 
58 per cent a 17.400 17.471) 17.484) 17.519) 17.735 17.735) 17.739 17.544 17.425 17.446 
b 17.400, 17.418 17.446) 17.441) 17.533 17.533) 17.540 17.453 17.364 17.372 
c 17.400) 17.418 17.438) 17.429 17.494 17.494 17.494 17.395 17.326 17.332 
d 17.400) 17.411 17.425) 17.419) 17.465) 17.465) 17.464) 17.380 17.323 17.323 
' 
66 per cent a 17.400) 18.201 18.804) 19.105 20.222 20.385 20.611 20.728 20.662 20.698 20.722 20.637 20.663 
b 17.400) 17.753) 18.049, 18.176 18.712 18.814 18.973 19.220 19.372 19.494 19.760 19.818) 19.978 
c 17.400) 17.690 17.891 17.984 18.379 18.451 18.570 18.750) 18.851 18.943 19.147) 19.193) 19.328 
d 17.400) 17.618) 17.781) 17.847) 18.153 18.207 18.306 18.440) 18.512 18.578 18.735) 18.767) 18.875 
Dec. 22 
76 percent a 17.400 19.811 21.568) 22.351 25.562 26.034 26.598 27.094 27.137 27.322 27.3589) 27.347 27.607 
b 17.400 18.743 19.730) 20.179) 22.249 22.702 23.301 24.595 25.177 25.585 26.512) 26.495 26.900 
c 17.400) 18.317 18.981) 19.270 20.652 20.942 21.396 22.280 22.747 23.120 25.914) 24.255 24.680 
d 17.400) 18.268 18.835) 19.077) 20.236 20.471) 20.844 21.535 21.908 22.213 22.852) 23.058 23.506 
Dec. 7 Dec. 18 
Slpercent) a 17.400 21.230 23.112) 24.416) 28.466 29.079 30.660 31.064 31.537, 31.747 32.087) 32.082) moldy 
b 17.400 19.696 21.022 21.846 24.834 25.492 26.572 28.496 29.348 29.889 30.967) 31.195) 31.575 
c 17.400 19.178 19.994 20.544) 22.614 23.048 23.846) 25.352) 26.159 26.747 28.087) 28.702) 20.115 
d 17.400 18.908 19.573 20.030) 21.739 22.102 22.751) 24.020 24.705 25.181 26.359) 26.695 27.264 
. 
Jan. 9 |Jan. 14 | Jan. 23 Feb. 9 Feb. 20 Feb. 27 Mar. 12 
90 per cent 1 17.400) 20.656 24.414) 32.613) 33.448 34.675 35.220 17.360 23.815 30.975 35.111) 36.931 39.127 
b 17.400 20.411 23.520 29.531) 30.590 32.400 35.389 17.360 21.202 25.951 29.554) 31.610 34.474 
c 17.400 20.470) 22.148) 26.695) 27.465, 28.801) 31.023 17.360 20.506 24.178 27.009) 28.657) 30.943 
d 17.400 20.244 21.770) 25.978) 26.641 over flowed 
| . 
Dec. 1 | Dec. 6 Dee. 13) Dec. 18) Dec. 22) Jan. 22 
100 per a 17.400) 27.820) 35.409) 39.418) 42.111) 17.380) 37.636) 43.680 45.941) 49.319 51.857) 53.152, 55.201 
cent b 17.400) 22.771 27.650 30.755) 33.097 17.380 30.413) 35.848 38.322 42.312 45.427) 47.146) 49.692 
c 17.400) 21.477) 25.370) 27.851) 29.822) 17.380 27.718) 32.352) 34.532) 37.967 40.582 over flowed 
d 17.400 21.413) 25.304 over flowed 
Mar. 6 Mar. 13 Mar. 20 Mar. 27 Apr. 17 May 2 
Opercent| 4 17.400, 16.119 15.315 14.705 13.825 13.253 
b 17.400 16.738 16.227 15.797 15.072) 14.564 
17.400 16.897) 16.491 16.132 15.509 15.068 





* Samples fermented and dishes refilled. 

1. Honey exposed to air tends to estab- 
lish equilibrium in water content with the 
water vapor of the atmosphere, at first 


for 35 days at arelative humidity of 81 per 
cent. During this time the section gained 
8.5 grams in weight, which represents 








an increase of 2.01 per cent of the total 
weight of the section. The crystalline 
dextrose sample increased 7.17 per cent 
of the original weight. The crystalline 
levulose, under the same humidity condi- 
tions as dextrose, deliquesced entirely and 
increased 36.17 per cent of the original 
weight. 
CONCLUSIONS. 
clusions: 


Following are the con- 


rapidly and then more slowly as equili- 
brium is approached. 

2. Exchange of moisture between honey 
and the air is a surface phenomenon, but 
the change in water content slowly occurs 
throughout the honey by diffusion. 

3. In a dry atmosphere as moisture is 
lost at the surface of honey a shining dry 
film is formed which retards subsequent 
water changes in the honey, so that in a 








weeu 
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dry atmosphere moisture changes occur 
more slowly than in moist atmospheres. 

4. There is apparently an optimum 
relative humidity for drying honey which 
is not 0 per cent relative humidity. This 
point was not determined exactly, but is 
apparently somewhere between 0 per cent 
and 20 per cent relative humidity. 

5. While in the crystalline form honeys 
change moisture content more slowly than 
do liquid honeys, but when crystalline 
honey is exposed in a moist atmosphere 
there is a steady liquefaction of the dex- 
trose crystals. 

6. Liquid honey of 17.4 per cent water 
content is in equilibrium with the water 
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vapor in an atmosphere of 58 per cent 
relative humidity, while crystalline honey 
tends to attain equilibrium at a slightly 
higher relative humidity. For best honey 
storage conditions, the relative humidity 
of the atmosphere should not be over 60 
per cent. 

7. Moisture exchange will occur 
through the capping of honey sealed in 
the comb. 

8. Dextrose is slightly hygroscopic and 
levulose highly hygroscopic. The hygro- 
scopic qualities of honey are apparently 
due chiefly to the levulose content, al- 
though other ingredients play some part. 
—1-6-39. 
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Browne, C. A. 1922. Moisture absorptive powers of different sugars and carbohydrates under varying 
conditions of atmospheric humidity. Jour. Ind. and Eng. Chem. 14: 712-4. 
Fabian, F. W., and R. I. Quinet. 1928. A study of the cause of honey fermentation. Ag. Exp. Sta. 


Mich. St. Col. Tech. Bul. 92. 


Lothrop, R. E. 1937. Rentention of moisture in honey. Am. Bee Jour. 77: 281. June. 
Waters, R. 1933. Honey and atmospheric moisture. New Zealand Jour. Ag. 26: 105-07. 


Comparative Value of Pollen and Pollen Substitutes 
I. Bee Bread and Cottonseed Meal-Dry Skim Milk Mizture* 


Myxoua H. Haypax,t University of Minnesota, St. Paul 


In the previous articles on the value of 
pollen substitutes (Haydak 1933, 1936, 
1937) the author has paid attention al- 
most exclusively to the question of 
whether any given food substance can 
replace pollen as a food for bees. Little 
emphasis has been placed on the exact 
comparative value of pollen and pollen 
substitutes studied, except in the first 
publication. From those investigations an 
impression might have been gained that 
those substances which bees can utilize 
as food are inferior to pollen as stored by 
the bees. One has to remember, however, 
that the control colonies in the previous 
experiments were given bee bread in a 
natural undiluted state, while the experi- 
mental colonies were given mixtures of the 
dry food and honey in proportion 1:4 to 
1:7. Under such circumstances the quali- 
tative and quantitative differences which 
were observed in the experiments might 


* Paper No. 1664 of the Scientific Journal Series of the Min- 
nesota Agriculture Experiment Station 

t Grateful acknowledgment is made to Dr. M. C. Tanquary 
and Dr. W. A. Riley for their interest in the work and helpful 
suggestions during the preparation of the manuscript. 


have been due to the fact that the bees fed 
pollen actually consumed more food per 
volume intake than did the bees fed pollen 
substitutes and therefore showed a better 
physiological performance. 

For an evaluation of the nutritive value 
of any food substance the food intake of 
the experimental animals must be equal- 
ized. In case of bees where any restriction 
in food brings a certain reaction of the 
colony as a whole (restriction of egg 
laying, change in the rate of brood rearing 
activity), such equalization may bring 
additional factors which may make very 
difficult the interpretation of the results 
obtained. Therefore it was decided to feed 
the experimental colonies ad libitum, but 
to equalize the percentage of food per 
volume intake. The amount of food given 
to the experimental colonies was noted. 

Metnops.—The method and the pro- 
cedure of the present experiment did not 
substantially differ from those described 
previously (Haydak 1937). It was found, 
however, that an addition of a laying 
queen during the first day simultaneously 
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with the second brushing of emerged bees 
into the experimental hive tends to quiet 
the bees and makes the whole procedure 
of an addition of new bees simple and 
~asy. Young bees were not brushed 
directly into the hive, but into a glass 
container through a bee funnel, similar 
to that which is used in the bee package 
industry. The container with the bees 
was then weighed and the bees poured 
into the hive. In such a way the number 
of bees in the colonies was to a certain 
degree equalized. 

Since it was established that the growth 
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experiment. Except for the percentage of 
mortality, only the average of two 
colonies was used. This was done because 
one colony in each group did not rear 
brood. One of the colonies fed bee bread- 
honey mixture did not start brood-rearing 
although for 27 days eggs were present in 
the cells. Bee bread of 1933 was used for 
the food mixture. Another colony which 
was simultaneously fed bee bread of the 
same age from the same jar started 
brood-rearing and carried it to completion. 
In this case the bee bread was mixed 
with commercial invert. 


Table 1.—Composite results of feeding bee bread and cottonseed meal-dry skim milk mixture. 





Development or Bees 


(Weight of Thoraces in Milligrams 


Toran § Emerg 2 4 5 
NuMBER ing Days Days | Days 
Foop or Begs Bees Old Old Old 
Bee bread 8,459 9.1 11.4 12.0) 13.0 
Cottonseed meal 
dry skim milk food 9, 608 9.1 10.9 | 11.8 | 12.6 


Days 


13.2 


~ 


NuMBER 
or Days 
in Waicu 
Broop NUMBER Dry 
REARING OF SEALED Wetcut or 
Per Foop Startep CeLis ann Emeroine 
CENTAGE ConsuMP \rTeR LARVAE Bees tn 
Morrtat- TION IN QuEEN Beror: Minu 
Old ITY Grams WasAppep SEALING GRAMS 
3 25.6 666 13 $21 15.3 
33.6 $00 9 391 15.5 





curves representing the increase in the 
dry weight and nitrogen content for ade- 
quate foods follow each other quite 
closely (Haydak 1937), only the dry 
weights of the thoraces of the experi- 
mental bees were ascertained. 

Foops.—Clumps of bee bread as taken 
from the cells of a comb were used; 50 
grams of bee bread were mixed with 20 
cubic centimeters of water to make a 
paste; then 200 grams of honey were 
added and all the ingredients were thor- 
oughly mixed in a mortar. Bee bread of 
1933 (5 years old) and of 1937 (1 year old) 
was used in the experiment. Both samples 
were stored in a refrigerator. 

Sifted cottonseed meal was mixed with 
dry skim milk (spray process) in the ratio 
$:1 by weight. Forty grams of this mix- 
ture were mixed with 200 grams of honey, 
and 20 cubic centimeters of water were 
incorporated into the mixture. The dry 
weight of both foods was the same. 

Foods were distributed to the cells of a 
comb and given to the experimental 
colonies in the usual manner. Three 
colonies were used for the testing of each 
food. One colony in each group received a 
dry food—-commercial invert mixture (.Vu- 
lomoline brand). 


Resutts aNp Duiscussion.—Table 1 


gives a summary of the results of the 


The cottonseed-commercial invert fed 
colony did not start brood-rearing, al- 
though for 21 days eggs were present in 
the colony. In both cases fertile queens 
whose good performances in the colonies 
have been known were used. It is hard to 
explain these fact on the basis of our 
present knowledge of bee life. 

Examination of the table shows that 
there was practically no difference in the 
results obtained. The development of the 
bees proceeded normally. The behavior of 
all the colonies was about the same. The 
brood-rearing activity was started several 
days later in the pollen-fed colonies and 
the consumption of food in the latter was 
higher than that in the pollen substitute- 
fed colonies. However, the average mor- 
tality in the latter group was somewhat 
greater. In neither group did the brood 
cells form a compact mass. In this case 
pollen-fed colonies differed considerably 
from those in the preceding experiment 
when the sealed brood cells in the pollen- 
fed colonies formed a compact mass as 
under natural conditions (Haydak 1937). 
The young bees reared by the experi- 
mental colonies were of almost the same 
weight. However, their weights were lower 
than those of the young bees in the 
previous experiments. 

When combs with sealed brood were re- 
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moved from the experimental colonies, 
the bees continued their brood-rearing 
activities without an interruption as they 
would do under normal conditions. 
SUMMARY AND CoNCLUSION.—A com- 
parison has been made between the pollen 
as stored by bees in the cells and cotton- 
seed meal-dry skim milk mixture. The 
food was prepared in such a manner as to 
make the ingestion of pollen and the food 
substance investigated equal per volume 
intake. Three colonies have been used for 
the testing of each food. One colony in 
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each group did not start to rear brood at 
all. No adequate explanation has been 
found for this phenomenon. The rest of 
the colonies started brood-rearing and 
carried it to completion. 

The results of the experiment indicated 
that there was practically no difference 
in the nutritive value of the bee bread 
and the cottonseed meal—-dry skim milk 
mixture as judged by the development of 
bees, number and quality of the bees 
reared and the mortality of the experi- 
mental bees.—1-6-39. 
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Variations in the Size of Wings of Some 
Massachusetts Honeybees 


R. Ki LLOGG, \ 


(LAUDE 


That the wings of honeybees are very 
important factors in their 
honey gatherers and as pollinators is a 
self-evident fact, and any effort to im- 
prove the honeybee or to develop the 
New Bee, as suggested by Dr. Watson, 
should give these organs careful considera- 
tion. One of the first problems to be 
solved is whether or not there is a definite 
variation in the mean size of wing of dif- 
ferent colonies and, if such a variation 
exists, to determine its extent. 

With this problem in view, studies 
were made on 863 honeybees, taken from 
17 different colonies in the apiary of 
Massachusetts State College: 207 Italian 
bees from five different hives, 309 Cau- 
casion bees from six different hives and 
347 Carniolan from six different 
hives. The length and width of the wings 
of each bee, taken from the right side, 
were measured with a micrometer eye- 
piece and the area of the wings found by 
multiplying the length by the width and 
taking one-half the result |Area= L&W 


success as 


bees 


* Acknowledgment is gratefully made to Dr. C. E. Gordon 
Head of the Depart ment of Geology and Mineralogy, for 
securing the funds for the study, and to Dr. C. P. Alexander, 
Head of the Department of Zoology and Entomology, for his 
interest and aid in the work. 


E. Roprnson, Jr., Wretiam H. Moss and Leroy L. BLackmer,* 
Massachusetts State Colle ge, 


Amherst 


2} on the grounds that the wing is 
roughly a triangle in shape and that this 
formula would give approximately the 
area. While such figures are admittedly 
not exactly correct for the absolute area 
of each wing, areas of all wings are com- 
puted in the same manner and this makes 
possible a comparison between different 
colonies of bees which, after all, is what 
we desire. 

An examination of the means of wing 
areas from the 17 colonies shows that 
there is a definite mean for wing size in 
each colony and that the means vary con- 
siderably, the greatest mean area of wing 
being 7.6 per cent greater than the 
smallest mean area of wing. It is interest- 
ing to note, although not necessarily 
significant, that both extremes of wing 


area are found among the Caucasian 
colonies. 
While the number of colonies con- 


sidered is insufficient to make possible 
any definite conclusions concerning com- 
parative wing areas to be found in the 
three races, it might be noted that in this 
small series of colonies the Italian colonies 
varied the least (4.2 per cent), the Cau- 
casian colonies varied the most (7.6 per 
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Table 1.—Wing variation in some Massachusetts honeybees. 
on Fore WING Hinp WING ° 
[ype AND Tora. 
eee Length* Width* Areat Length* Width* (reat Angaf 
Italian l 9.952 3.324 16.5402 7.119 1.924 6.8484 23 .3886 
2 9.768 3.337 16.2979 7.100 1.945 6.9047 23 . 2026 
3 9.770 3.27 15.9837 7.002 1.890 6.6169 22.6006 
$ 9.704 3.277 15.9000 6.972 1.877 6.54382 22.4432 
5 9.795 8.324 16.2793 7.052 1.912 6.7417 23 .0210 
Mean 9.789 3.307 16.1861 7.049 1.910 6.7318 22.9174 
Caucasian 1 9.948 3.338 16. 60382 7.147 1.912 6.8325 23 .4357 
2 9.872 3.299 16.2838 7.112 1.879 6.6817 22.9655 
b 9.585 3.212 15.3935 7.035 1.849 6.5038 21.8973 
4 9.598 3.265 15.6687 6.895 1.869 6.4433 22.1120 
5 9.756 3.288 16.0388 7.046 1.910 6.7289 22.7677 
6 9.676 3.188 15.4235 7.017 1.796 6.3462 21.7697 
Mean 9.752 3.273 15.9591 7.0438 1.872 6.5922 22.5518 
Carniolan 1 9.785 3.286 16.0767 7.050 1.961 6.9125 22.9892 
2 9.577 3.253 15.5770 6.820 1.922 6.5540 22.1310 
} 9. 666 8.301 15.9537 6.899 1.975 6.8127 22.7664 
t 9.846 3.338 16.4329 6.994 1.949 6.8156 23.1998 
5 9.584 3.245 15.5500 6.799 1.910 6.4930 22.0431 
6 9.687 3.285 15.9109 6.789 1.914 6.4970 22.4079 
Mean 9.708 3.284 15.9405 6.878 1.936 6.6579 22.5984 





* Millimeters. 

t Square millimeters. 
cent), while the variation between the 
extreme means in the Carniolan colonies 
was 5.2 per cent. 

The table of means given in table 1 


shows the variation in colony means for 
wing length, width and area for both the 
fore and hind wings and also for total 
wing areas of the 17 colonies.—1-6-39. 


The Sugar Concentrations of Western Nectars 


Georce H. Vanse.t, U. 


During the past several seasons miscel- 
laneous data showing the concentration 
of sugars in western nectars have been 
recorded. Although humidity and air 
movement have an important influence 
on concentration, under any given at- 
mospheric condition the concentrations in 
different plants are different. Not only 
have the nectars from different species 
been shown to vary but those from the 
varieties within a species as well. Table 1 
illustrates the situation in a plum orchard 
in which trees of different varieties grew 
side by side, and table 2 shows the nectar 
concentrations found in several species 
of vetch. The process whereby the sap of 
a maple tree, for example, which has a 
sugar content of 2 to 3 per cent attains a 
concentration of 50 per cent or higher in 


S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Table 1.—Sugar concentrations of nectar from 
several varieties of plum at Davis, Calif., on the 
morning of March 17, 1935. 





AVERAGE NumM- 
BER OF BLos- 

soms REQUIRED 
FOR SAMPLE 


AVERAGE SUGAR 
CONCENTRATION 
OF SAMPLE, 
VARIETY oF PLum Per CENT 


Maynard 10.1 8 
Gee Whiz 13.5 12 
Eldorado 14.9 15 
Miss Edith 16.1 18 
Shiro 17.8 12 
Etta 19.0 1S 
First 23.3 15 
Milton* 28.4 20 
Kelseyt 


Better Than Gold? 
Kingdom Comet 





* Outstanding variety as to number of bee visitors 
t Nectar insufficient for hand collection. Bees entirely absent. 
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Table 2.—Sugar concentrations of nectar from blossom and extrafloral nectaries* of several 
species of vetch, Oregon, June, 1937.{ 





Suaar Con- 
CENTRATION, 


SPECIES OF SOURCE OF 











VETCH LocALITy Nectar] Per Cent REMARKS 
Common Corvallis Blossom 22.6 
Stipular 56.5 
Hairy Corvallis Blossom 44.0 Stipular nectar practically absent 
Hungarian Corvallis Blossom 25.2 No bees were observed to work 
Stipular 47.7 blossoms of this vetch 
Melamops Corvallis Blossom 22.6 
Stipular 52.1 
Purple Junction City Blossom 28.0 
Wild Fort Klamath Blossom 23.1 Bees displayed no interest in this 


vetch 





* Where the extrafloral nectaries produced, the honeybees confined their activities to this source almost exclusively. ‘ . 

+ Records were obtained during daylight hours, and the figures represent averages of numerous readings taken at various times 
durin the day a 

3 All the samples of stipular nectar and the blossom nectar of hairy vetch were obtained from the nectar sacs of the bees; the other 
blossom nectars were collected by hand, 


Table 3.—Average sugar concentrations of the 
nectars of some western plants.* 





Table 3 (continued) 


AVERAGE 
Sucar Con- 























AVERAGE CENTRATION 
Suear Con- NAME OF PLANT Per Cent Remarks 
CENTRATION, = ‘ — 
Name or PLant Per Cent REMARKS Clover, white, ordinary, 
- and ladino 41.0 
Filaree, red 65.0 Manzanitas, several 40.0 
Locust, black 63.2 Spikeweed 39.9 
Willows, several 60.0 Privet 39.2 
Astragalus pachypus 59.2 Wild buckwheat, annual 
Wild buckwheat, flat top 58.1 Southern California pink 37.8 California 
Sainfoin 55.4 Star-thistle, yellow 37.5 
Bachelor button 52.5 Pentstemon 3 
Bigleaf maplet 52.0 Wild buckwheat, yellow 
Wild alfalfa (Lotus glaber 52.0 perennial 37.3 Eastern Oregon 
Sweetclover, yellow 51.6 Milkweed 37.2 
Dandelion 51.2 Sweetclover, white 35.8 
Mustard, rape 50.5 Blackberry, evergreen 35.6 
Wild buckwheat, annua! Thistle, Canadian 35.0 i 
pink 50.5 Eastern Oregon Linden, American 33.6 Oregon | 
A oples, several 50.0 {stragalus hendersonii 33.3 | 
Chickweed 50.0 Clover, strawberry 33.3 | 
Mustard, common 50.0 Fenugreek 32.9 
Cherry, sweet 50.0 Sage. creeping $2.4 Eldorado County, Calif. 
Flax 49.5 Monkey plant 32.0 
Buckeye, Ohio 49.0 Planted at Corvallis, Ore Sunflower, annual 31.6 
Hoarhound 48.3 Eucalyptus rostrata (red 
Sage, white 48.0 gum) 30.0 
Castor-bean 47.8 Extrafloral nectar Orange, navel 30.0 
Vetch, Hungarian 47.7 Oregon, extrafloral nectar Peaches, several 30.0 
Clover, crimson 47.7 Catnip 28.7 
Sunflower, perennial $5.8 Oregon Snowberry 28.6 
Hollygrape, Oregon $5.0 Blackberry, Himalaya 27.2 
Sage, black 44.9 Blue curl 27.1 
Mustard, Jim Hill 44.1 Astragalus trichopodus 27.0 
Clover, alsike 43.3 Tree tobacco 25.9 
Astragalus hornii 42.4 Vetch. Hungarian 25.2 Oregon, floral nectar 
Maple,t vine 42.0 Turkey mullein 25.0 
Cotton, Acala 41.9 Extrafloral nectar Cleome serrulata 21.9 
Buckeye, t California 41.5 Wide variation, 33-0-50.8 Cotton, Acala 21.5 Floral nectar 
Alfalfas, several 41.1 California, Nevada and Scrophularia sp 19.6 Oregon, California | 
Oregon rulip poplar 19.6 ' 
Currant. flowering 18.9 . | 
© The Geure a a Avocado 15.2 Southern California 
series of om veah ay ome - S- yp ving Calif : [ — Cherry, sour 15.9 
wells atlo primary egon, Laitornia & Eucalyptus, small-blos- - 
oi th ; ." ; _ " som variety 13.4 May, southern California 
apies with open type nossoms show a very wiae Apricots, several 12 0 
range in nectar concentration with changing humidity condi Cleome lutea 11.0 
tions. They were invariably rich enough to be very attractive Madrone 10.0 
under all conditions good enough for bees to be in the field. Pear, several 4.0-30.0 ' 


t Ruth Beutler in Germany reports red buckeye with a sugar 


concentration of 66 per cent. 
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the nectar is apparently an enigma to 
science. 

The average sugar concentrations in the 
nectar of 76 plants are compiled in table 3. 
Although it would probably not be pos- 
sible to obtain these exact figures in 
another series of field records on the same 
kinds of plants, these data represent an 
index for arrangement of the plants as to 
their theoretical honey value irrespective 
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of nectar quantity, although abundance 
of nectar is undoubtedly a very important 
factor in a practical measure of value. 

The concentration records were ob- 
tained through the use of a sugar re- 
fractometer, without temperature correc- 
tion. Nectar was either collected from the 
blossoms by pipette or taken from the 
honey sacs of the bees that were visiting 
the blossoms for nectar.—1-6-39. 


Collecting Red Clover Pollen by Honeybees 


W. E. Dunnam, U.S. Department of Agriculture* and Ohio Experiment Station 


A quantitative analysis has been at- 
tempted on the amount of pollinating 
activity performed by honeybees on red 
clover in one of the important seed grow- 
ing areas of the state. 

The fact that honeybees devote prac- 
tically all their time to gathering pollen 
from red clover bloom and that practi- 
cally no nectar is gathered suggested the 
possibility of diagnosing the extent of 
pollinating activity of individual honey- 
bees on the basis of pollen counts. Ac- 
cordingly the following phases of experi- 
mental work were undertaken: a determi- 
nation of the number of pollen grains in 
unpollinated and pollinated florets of red 
clover; and the number of red clover 
pollen grains per pellet collected by a 
honeybee. 

DETERMINING NUMBER OF RED CLOVER 
PoLLEN GrRarns IN Coro.Lias.—Indi- 
vidual red clover heads were covered with 
cheesecloth before blossoming to exclude 
pollinating insects. When each clover head 
was in full bloom it was examined closely 
and individual florets were plucked from 
different heads. Immediately after these 
unpollinated florets were obtained, the 
clover heads, from which the unpollinated 
florets had been obtained, were taken to a 
large cage containing a colony of honey- 
bees. The clover head was held in the cage 
until a honeybee was observed working on 
an individual floret, after which it was 
removed. The procedure was repeated 
until the desired number of pollinated 
florets was obtained. Both the unpol- 
linated and pollinated florets were placed 


* The Red Clover Pollination Project was initiated and super- 
vised by James I. Hambleton, Principal Agiculturist, Bureau 
of Entomology and Plant Quarantine, onl E. A. Hollowell, 
Senior Agronomist, Bureau of Plant Industry, U.S. Department 


of Agriculture. 


in small envelopes and stored for counting 
during the winter. 

The following method was worked out 
in 1931 for determining the number of 
pollen grains contained within a single 
flower of red clover. With a fine pair of 
scissors the upper half of the corolla was 
snipped off and placed in a LaMotte pH 
cell to which 3 drops of an alcohol-glye- 
erine solution containing a brilliant green 
stain was added. The cell was then placed 
under a low power binocular and by 
means of two fine probes made with 
minuton pins the corolla was _ teased 
about until the pollen grains clinging to 
the anthers were dislodged. During an 
interval of 20-30 minutes the pollen grains 
became well stained with the brilliant 
green; and the corolla itself became nearly 
transparent so that if any pollen grains 
were covered by the corolla they could 
still be counted easily. Two additional 
drops of glycerine were added and the 
contents of the cell thoroughly stirred by 
means of the fine minuton probes. The 
LaMotte cell was then placed on a micro- 
scope slide on the stage of a microscope 
and examined under medium power and 
by means of a stage micrometer the 
number of pollen grains counted in a 
known area, 1 square millimeter, were 
counted. 

One count was made in each of 5 areas 
in the LaMotte cell and the average of 
these counts taken as representing the 
number of pollen grains in a given area, 
1 square millimeter. The total number of 
pollen grains in a floret was obtained by 
multiplying the average number in | 
square millimeter by 79 (the area of the 
LaMotte cell is equivalent to 79 square 
millimeters). 
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DETERMINING NuMBER Rep CLOVER 
Potten Grains Per Pe ttet.—A supply 
of red clover pollen pellets was obtained 
by catching incoming bees at the hive 
entrance and dislodging the pellets from 
the bees. These pollen loads were dis- 
lodged from the hind legs of each bee 
regardless of the size of the pellet in order 
that the pollen counts might give a repre- 
sentative index of the pollen loads brought 
in by honeybees. Loads of red clover 
pollen could be easily identified by the 
dark reddish-brown color. Microscopical 
examination when the pollen counts were 
being made showed that the pellets were 
practically pure red clover pollen. 

The technique which was finally per- 
fected and employed for determining the 
number of red clover pollen grains in 
pellets was as follows: Each pellet was 
first placed in a small test tube which was 
about 12 inches in length and five-six- 
teenths inches diameter in which 4 
drops of glycerine were placed. The pellet 
was usually left in the glycerine from 2 to 
8 hours, since glycerine seemed ideal for 
softening the pollen pellets so the pollen 
grains could be separated from each other. 
By means of fine probes the pellet was 
stirred around in the glycerine until the 
pollen grains were evenly distributed. A 
solution containing 2 parts of 95 per cent 
alcohol and 1 part of glycerine was added 
until the small test tube was about half 
full. A stopper was then placed in the test 
tube and the test tube shaken rather 
vigorously. The contents were then 
poured into a tall test tube. The small 
test tube was rinsed out twice with the 
alcohol-glycerine solution. Enough ad- 
ditional solution was added to the tall 
test tube to bring the total volume to 2 
cubic centimeters. To the alcohol-glyc- 
erine solution was added enough brilliant 
green to stain the pollen grains so that 
they could be easily distinguished when 
making microscopical counts. 

A small amount of this solution con- 
taining the suspended pollen grains was 
placed on a Thoma counting chamber and 
the number of pollen grains determined in 
one-tenth cubic millimeter. Five such 
counts were made and an average of the 
5 samples taken as a final number to 
represent the average number of red 
clover pollen grains in a given volume 
(one-tenth cubic millimeter). Then calcu- 
lations were made to compute the number 
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of pollen grains in 2 cubic centimeters in 
which the pellet had been placed. 
Resutts anp Discussion.—In table 
1 the results of the pollen counts are 
presented for unpollinated and pollinated 
corollas, and for pellet loads collected by 
honeybees. Of special interest are the 
relatively few pollen grains left in pol- 


Table 1.—Red clover * peien counts. 





Pouzan POLLEN 
Counts or CouNTs oF 
Unpoutur- Po LiImNaTep NUMBER OF 
NATED Corottas BY PotiEen Grains 


Corottas HoNEYBEES PER PELLET 














Honeybees 

19382 19382 1932 
1,185.0 142.2 160,000 140,000 
1,169.2 189.6 180,000 112,000 
1,121.8 31.6 172,000 212,000 
900 .6 205.4 132,000 208,000 
948.0 79.0 172,000 180,000 
1,232.4 173.8 144,000 196,000 
837.4 173.8 128,000 204,000 
1,437.8 221.2 100,000 216,000 
1,406.2 47.4 100,000 312,000 
1,058.6 110.6 132,000 272,000 
1,437.8 189.6 112,000 256,000 
1,074.4 363.4 148,000 200,000 
916.4 47.4 208,000 228,000 
1,532.6 81,000 160,000 
1,042.8 

1,027.0 

1,279.8 





(TM +SE) (TM+SE) (TM +SE) 
1,153.41+50.73 148.08+22.76 173,750+ 10,410 





linated florets, which indicate the thor- 
oughness of the honeybee in pollen col- 
lecting. This characteristic is especially 
valuable since in collecting the pollen 
many pollen grains will lodge in the ser- 
rate hairs on the under part of the thorax, 
thus increasing the effectiveness of the 
bee in cross-pollination when passing on 
to other blossoms of other red clover 
plants. As might be expected from the 
variation in the size of the pellets, the 
number of pollen grains in the pellets 
vary over a wide range. 

The minimum pollinating activity per- 
formed by a honeybee in collecting an 
average load of red clover pollen might be 
obtained by dividing the average number 
of pollen grains in a pellet by the number 
of pollen grains which the bee removed 
from the pollinated floret. Since a load of 
pollen represents two pellets, the above 
figure must be multiplied by 2, thus giving 
the approximate number of corollas which 
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the bee visited. In quantitative terms a 
honeybee in collecting an average load of 
red clover pollen visits approximately 346 
florets. 

Data obtained the same year on the 
rate of pollinating activity indicated that 
the honeybee visited approximately 12.5 
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red clover florets a minute. By dividing 
the total number of florets visited in col- 
lecting a pollen load by the rate of pol- 
linating activity, a figure of 29.3 is ob- 
tained, which represents the number of 
minutes required to collect an average 
load of pollen.—1-6-39. 
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Symposium on Extension Problems 


What Are the Extension Problems 
in the Classroom Teaching of 
Entomology? 


Cray Lyte, Mississippi State College, 
State College 

1. County agents should be trained in 
entomology to render the best service to 
their people and to cooperate intelligently 
with extension specialists in entomology, 
research workers in entomology and regu- 
latory officials handling entomological 
problems. 

2. The training of county agents in 
entomology can best be assured by the 
extension entomologist suggesting to his 
director of extension that he request the 
inclusion of entomology in the agricul- 
tural curriculum of the land grant college. 
The teachers are always ready to offer 
the subject, but are often not allowed to 
on account of the crowding of other sub- 
jects into the curriculum. The director 
of extension, however, is the employer, 
and his request that prospective agents 
receive any particular training would un- 
doubtedly be granted by those preparing 
the curriculum. 

3. The quality of the classroom train- 
ing will depend largely on the interests of 
the teacher. A good teacher of economic 
entomology should be a good extension 
entomologist. 

4. Students trained in schools where 
all phases of entomology—teaching, re- 
search, extension and regulatory—are in 
the same department under one head are 


more likely to be in constant touch with 
current entomological problems than are 
students in schools where these various 
phases are separate and distinct. In any 
school, however, the extension entomolo- 
gist may render great assistance to the 
teacher by bringing in frequent reports 
of happenings in the field and interesting 
pictures or specimens, as well as in talking 
to the classes about the extension prob- 
lems.—1-6-39. 


What Are the Extension Problems 
in the Larger Insect Control 
Programs? 

S. L. Crostawait, University of Maryland, 
College Park 

In Maryland we have recently con- 
ducted two large-scale insect control 
programs, one a large-scale demonstra- 
tion on salt marsh mosquito control, and 
the other on the retardation of the Japa- 
nese beetle. 

During the mosquito work we cut 
3,331,349 lineal feet of salt marsh ditches; 
constructed 10,500 lineal feet of dike, and 
constructed and installed 21 tide and spill 
gates. 

Last year we began a large-scale Japa- 
nese beetle retardation program. To briefly 
outline this program, I might say that we 
had in use over the state last year over 
40,000 traps which caught 123,166 quarts, 
or 615.85 barrels, of beetles. Traps were 
operated in 89 cities, towns and villages. 
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Demonstrational trapping was done in 
five heavily infested areas on farms. In 
the way of educational work we gave 159 
illustrated lectures, 118 soil treatment 
demonstrations, exhibited at 15 fairs and 
distributed 80,000 circulars. 

In conducting these campaigns, we 
have learned some of the problems in 
large insect control programs. From an 
extension viewpoint, perhaps our great- 
est problem in both of these programs 
was one of education. In the case of the 
mosquito work, the general public was 
very skeptical as to the feasibility of the 
project. For instance, the problem of ob- 
taining easements on marsh land owned 
by duckers and muskrat trappers was 
very difficult. It was necessary for us to 
demonstrate, by the use of mosquito 
traps, and by way of diking muskrat 
marshes and in some instances fresh water 
ponds, before we were able to convince 
the public of the benefits derived from 
such work. However, after 2 years of 
hard work, both in the field and in edu- 
cational campaigns the program has 
proved very successful. 

In our Japanese beetle retardation pro- 
gram, which we are now conducting, the 
problem is to impress sufficiently the aver- 
age citizen of the losses which are sus- 
tained in dollars and cents once the beetle 
is firmly established in a community, and 
in getting him to do something to prevent 
its establishment. We have been able to 
overcome this difficulty to a large degree 
by having good illustrative material and 
mainly by working with and through the 
younger people of our state. I mean by 
giving illustrated talks to civic clubs, 
high schools, garden clubs and especially 
to the F. F. A. organizations. Talks once 
a month for several months were given 
over radio station WBAL of Baltimore. 

Another most effective method of put- 
ting across such a program, and one which 
cannot be overemphasized, is that of hav- 
ing an insect tour: gather interested 
people from each community throughout 
the state, tour the infested areas and 
show what is being accomplished. 

In the case of the Japanese beetle, we 
have been able to get across to our people 
the necessity of fighting the beetle the 
minute one appears and not delaying 
until a severe infestation is built up. For 
instance, if one or two beetles are found 
in a town or community, we put up suffi- 
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cient traps to be reasonably sure that 
any beetles left will be trapped. We be- 
lieve such a program will retard the 
spread of this pest for at least 5 to 10 
years and the money spent for such work 
will be a hundred times repaid. 

In our Japanese beetle work we do not 
hope to eradicate. We are working to get 
every person in the state interested in 
doing what he or she can to delay the 
spread. It is also hoped that, through edu- 
cation, the people will be familiar with 
the Japanese beetle and be better able 
to cope with it as it increases in abun- 
dance, thereby reducing the acute condi- 
tions, to some extent, which usually 
occur when the beetle invades a territory. 
In the meantime the state’s forces, com- 
bined with those of the federal govern- 
ment, are colonizing parasites and at- 
tempting to bring about an equalization 
of nature’s forces. We hope this condition 
will take place in a comparatively few 
years, and that the Japanese beetle will 
be just another insect, handled by gen- 
eral insect control practices. 

In closing I wish to emphasize to you 
the importance of thoroughly acquainting 
the public, with whom you expect to 
work, of the different phases of your 
program, and familiarizing them with 
the insect in question. This will aid in 
putting across your program and in ob- 
taining better cooperation and support. 

-1-6-39. 


What Are the Extension Problems 
in the Classroom Teaching of 
Entomology? 


R. W. Lewsey, New York State College 
of Agriculture, Ithaca 

The teacher in entomology at our large 
institutions should be familiar, at least 
to some degree, with the insect problems 
as the extension entomologist must meet 
them in the field. He is then able to teach 
more effectively the practical side of 
entomology. He may even wish to use 
a concrete example at some point in his 
course of the way in which threatened 
losses were averted by common extension 
practices. It is suggested that considera- 
tion be given to the employment in sum- 
mer of the teacher in economic entomol- 
ogy as a temporary summer extension 
assistant. 
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A close working relationship between 
the teacher in entomology and the exten- 
sion entomologist is a positive benefit to 
both. Such a relationship is best main- 
tained when extension entomologists have 
their offices in the entomology depart- 
ment of an institution rather than in a 
building which primarily houses extension 
specialists. Proximity of offices permits 
more frequent discussion of timely insect 
problems, quicker identification of speci- 
mens, more prompt handling of corre- 
spondence and better interchange of 
ideas. These factors are of mutual benefit 
to the classroom teacher and the exten- 
sion entomologist.—1-6-39. 


What Are the Extension Problems 
in the Larger Insect Control 
Programs? 


Georce D. Jones, Columbia, Mo. 


In large scale insect control work, such 
as in reducing the number of fruits in- 
jured by codling moth, preventing crop 
losses caused by grasshoppers or improv- 
ing the physical condition of work animals 
by bot treatment, or the betterment of 
health conditions or any other county 
or state-wide insect control project, the 
planning of the work is one of the most 
important problems. The control effort 
must be practical and as inexpensive as 
possible. Large numbers of people must 
be reached if the effort is to be successful. 
A few of the problems will be discussed 
here rather briefly. 

The value of protection and the cost 
of control measures are among the first 
items which should be considered in plan- 
ning insect control work. An individual 
cannot afford to neglect the proper control 
of an insect pest if it is practical to prevent 
it. He is already out the expense of plant- 
ing, tilling the land, caring for the crops 
or animals, and other overhead costs. He 
may not be aware of it, but insect devel- 
opment carries on at the maximum rate 
when weather conditions favor the pests. 
Such conditions as a rule do not favor the 
crops. When this situation occurs, the 
value of the crop is greater and the impor- 
tance of protection is greater. I need only 
to mention that, at the present time, a 
combination of weather and grasshoppers 
is threatening agriculture in certain areas 
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in several midwestern and western states. 
Many farms are already abandoned, and 
entire communities are left without lead- 
ers. The grasshoppers, for several seasons 
in many areas, have ruined what was left 
of crops for livestock feed. Further, no 
orchardist has made a success of orchard- 
ing by letting the insects have full sway. 
The cost of spraying, washing the fruit, 
using chemical bands and other expenses 
have increased the cost of producing 
apples. These costs are fixed costs, and 
they complicate the situation as well as 
discourage growers to the point where 
they are not anxious to cooperate unless 
a distinct saving can be made. 

Insects will never be out of the agri- 
cultural picture. Insects of one kind or 
another have caused complete shifts in 
agriculture in some sections, and while, so 
far, we have been able to live with most 
of the pests, they still reduce our profits 
and cause us extra effort and expense. 
Insect control work should be considered 
permanent, even though the abundance 
of the pests may vary from year to year. 
Trying to produce apples without spray- 
ing, even though the codling moth infes- 
tation may be light, is out of the question. 
The development and abundance of the 
pests vary each season, and the growers 
must have the most accurate information 
every day in order that they may apply 
their sprays to best advantage. Codling 
moth control has been a factor in the 
apple industry in the United States ever 
since the industry started. Horticultural 
society records show that in Missouri, in 
1875, it was a pest demanding attention. 
Considerable headway has been made, 
but the problem is not solved. The pest is 
so adapted to conditions that progress is 
slow. In the eastern states, grasshoppers 
may not be a problem, but that is no 
reason why grasshoppers may not destroy 
crops in western Missouri or Nebraska. 
The cotton leaf worm or the boll weevil 
may not be problems in Michigan, but 
that is no reason why they may not reduce 
yields for individual farmers at least one- 
third to one-half in Texas. Looking at 
insect control work from this angle, it is 
not too much to say that some insect 
affects our lives in one way or another 
all the time. 

The question of who should be in charge 
may be one of the problems in connection 
with a large scale entomology project. A 
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first hand knowledge of the habits of the 
pests is of prime importance, and a person 
trained in entomological work should be 
the leader of the project. The question of 
how to organize for carrying out a pro- 
gram is also very important. In large 
scale undertakings where an insect has 
established itself, and is causing wide- 
spread losses, the question of coordination 
with other agencies is very essential. In 
this period of agricultural planning, the 
inter-relation of insect control and other 
agricultural practices should be recog- 
nized. Recently this has come to our 
attention in grasshopper control work. 
Certain good land use practices are also 
ideal for grasshopper development. A 
broad and sympathetic attitude from 
other agricultural groups is needed and 
should be encouraged. 

Lack of sufficient funds to begin a 
campaign often presents a problem. In- 
dividual farmers may not be financially 
able to fight the pests. Especially is this 
true if farm income is low. If several 
states are involved and the pests have 
migratory habits, perhaps federal funds 
may be appropriated. If it is a county or 
a state-wide problem, local and _ state 
organizations must be approached and 
interested. 

State or local organization may not 
be as difficult as some of the other prob- 
lems. It will be easy if the leading farmers 
and interested agencies know that control 
measures will give results and that such 
are not too expensive. As long as the con- 
trol costs bring in good returns, coopera- 
tion by individual farmers is easy to get. 
If control is expensive and if it involves 
hard or tedious work, interest is likely to 
subside; individuals may leave the area or 
give up the fight. At present, many farm- 
ers have moved from the grasshopper- 
infested counties in western states. Those 
who have stayed are discouraged and are 
hesitant to enter into a control program. 
It takes courage to plan programs in the 
face of such trying conditions. 

Surveys based on actual conditions 
must be made if true conditions are to be 
known. Patience, a sympathetic attitude 
and practical information must be in any 
insect control program. In other words, 
in any insect control work, it must be 
recognized that the individual with whom 
the extension entomologist is working is 
not to be ignored, but must be a part of 
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the plans. A knowledge of the habits of 
the pest under consideration, its distribu- 
tion and its control must be thoroughly 
understood by all of the men in charge 
of the work. The amount of time needed 
for developing the program, and the de- 
tails of organization, such as the selection 
of leaders, subject matter, demonstra- 
tions and meetings, must be carefully 
planned in order that interest may be 
aroused and the work carried out in a 
successful manner. Result demonstra- 
tions are often necessary before large- 
scale adoption of control practices can be 
undertaken. 

The planning of large-scale insect con- 
trol projects in extension work can be 
done and results can be measured. During 
the past 5 years in Missouri there has 
been a steady increase in the number of 
animals treated for bots; 88,000 head 
were treated during the winter of 1937-38. 
Every orchardist in the state is following 
many of the most recent recommenda- 
tions in an effort to check insect losses. 
A noticeable increase in the number of 
farmers in individual counties using 
grasshopper bait shows evidence of results 
and adoption of recommended practices. 
Farmers and county organizations truck 
chinch bug barrier oil as far as 100 miles. 
Again this is evidence of a belief in the 
importance of control efforts. Sheepmen 
are aroused to the importance of dipping 
their sheep and it is expected from the 
interest shown that this practice will 
become more widely adopted each year. 
The control of garden pests is receiving 
more attention than ever before in the 
state. It should be kept in mind that man 
has not eradicated a single pest from the 
earth. In most cases, however, we have 
been able to find ways of living with them 
and holding their damage to a minimum. 
It is hard work and a constant fight, but 
it is worthy of support from all agencies 
interested in the welfare of agriculture 
and farm people.—1-6-39. 


What Are the Extension Problems 
in the Entomology Research 
Programs? 


W. E. Buauvett, Cornell University, 
Ithaca, N.Y. 
The function of research is to find solu- 
tions to problems and that of extension 
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to bring about the adoption and success- 
ful application of the solutions. The two 
functions are closely integrated, and ob- 
viously neither is of the fullest practical 
value without the other. In practice in 
the field of economic or agricultural en- 
tomology the fields of research and exten- 
sion overlap and merge to such an extent 
that it is very difficult to determine where 
one begins and the other ends. Many 
official entomologists must fulfill both 
functions to varying degrees. Pure strains 
of extension entomologist or research 
entomologist are probably fewer than the 
hybrids or dual personalities. Even where 
the functions of research and extension 
are assigned to separate individuals the 
extension entomologist and the research 
entomologist are mutually interdepend- 
ent. 

The entomological problems are many, 
varied, often complicated and seldom 
static. Solutions to these problems are 
rarely perfect; never permanent. The 
problems change with changing cultural 
methods and changing economics, with 
increasing restrictions on the use of in- 
secticides poisonous to man, with increas- 
ing application of chemical research to 
the syntheses of new insecticides, with 
increasing consumer standards of quality 
in agricultural products, and with the 
waxing or waning of old pests and the 
appearance of new ones. Control measures 
must be adapted to varying conditions of 
locality and season. Many treatments re- 
quire careful timing based on seasonal 
insect developments. These factors necessi- 
tate the closest possible contact and coop- 
eration between research and extension if 
the desired results are to be obtained. 

The process of evolving a new or im- 
proved control method and _ bringing 
about its successful application and adop- 
tion by growers is a continuous process 
involving elements of both research and 
extension all along the line. The research 
worker cannot ignore the many practical 
considerations involved in the application 
of experimental findings to the problem 
under the varied field conditions, and 
the extension worker cannot be ignorant 
of experimental technique if he is prop- 
erly to evaluate experimental data. The 


extension worker depends on the research 
worker for experimental data and de- 
tailed information on specific problems 
from 


which to formulate recommenda- 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 32, No. § 


tions. In turn, through his usually greater 
opportunity for contact with field condi- 
tions throughout the state, the extension 
worker can be of aid to the investigator. 
He can keep him informed on local varia- 
tions in problems, the appearance of new 
problems and the changing status of old 
ones. He can by field trials or demonstra- 
tions with selected growers test the new 
methods under varied field conditions to 
determine the need for further improve- 
ment or adaptation before they are rec- 
ommended for general use. 

The extension worker is confronted 
with a great variety of problems. He is 
continually besieged with demands for 
recommendations as to how the grower 
may best protect his crops from threat- 
ened damage or even destruction by insect 
pests. He cannot evade this responsi- 
bility. In order to formulate recommenda- 
tions that are reasonably sure to give 
satisfactory results he needs adequate ex- 
perimental data. On some problems this 
is available; on others it is not, since there 
are too many problems and not enough 
research workers or research funds avail- 
able. On some problems such as codling 
moth and rosy aphid there is such an 
abundance of experimental data that the 
extension worker must keep in very close 
touch with the experimental work and 
workers to evaluate properly the various 
materials and methods, explain them to 
growers and aid them in selecting the pro- 
gram best suited to their conditions. He 
must often discourage the tendency of 
growers to plunge on new materials still 
in an experimental stage of development. 
This, I believe, is what the late Professor 
’. R. Crosby meant by his familiar dic- 
tum, “The function of the extension en- 
tomologist is to protect the farmer from 
the investigator.” Progress reports of 
current research are often made available 
to growers, and the investigator and ex- 
tension worker should cooperate in point- 
ing out the experimental nature of many 
new materials and discouraging their too 
general use until adequately proved. On 
many problems there may be no research 
work in progress and little research data 
available. This may be only fragmentary 
and consist of divergent and conflicting 
reports from workers in other areas where 
conditions are different. Under these con- 
ditions the extension worker may be 
forced to conduct field trials of an experi- 
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mental as well as demonstrational nature. 

In conclusion, one might say facetiously 
that extension and research are related as 
are the two ends of an earthworm. If 
separated at a certain point either end 
may survive but only through the regen- 
eration of the lost part and its functions 
to form a complete earthworm again. 


—1-6-59. 


What Are the Extension Problems 
With Commercial Entomology? 


C. Granam, University of Maryland, 
College Park 

With few exceptions, Maryland has no 
problems with commercial entomologists. 
There are individuals and organizations 
in Maryland doing commercial spraying, 
but, in general, these people come to the 
Department of Entomology for guidance 
and cooperate in every way possible. They 
are filling a much needed position in tak- 
ing care of insect problems on large es- 
tates and around smaller homes. It is 
our policy to support such commercial 
organizations and offer them assistance 
and encouragement. 

There are several pest control organiza- 
tions working in Maryland which special- 
ize in termite control. These oganizations, 
in general, employ capable men of high 
standards. Occasional high pressure sales- 
manship is employed and the public in 
such cases needs to be protected. The 
Department of Entomology works in 
close cooperation with pest control 
groups, often suggesting competitive bids 
on jobs that are too big for the owner to 
handle. The work on a competitive basis 
is usually completed to the satisfaction 
of the owner. 

It is the duty of the extension ento- 
mologist to recommend to the farmer ma- 
terials that have been tested by experi- 
ment stations and proved successful in 
controlling specific insects in the state. 
The information is passed to the farmer 
by personal calls, personal letters, mimeo- 
graphed sheets, public meetings, news- 
paper articles and radio. Regardless of 
what method is used, no attempt is made 
to influence the grower to use any particu- 
lar brand, but the basic facts in regard 
to the constituent materials are presented 
to him. 

Several chemical companies operating 
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in Maryland have in their employment 
well-trained entomologists who cooperate 
in every way possible with the extension 
entomologist. On the other hand, un- 
trained salesmen often try to sell products 
that have not been thoroughly tested or 
that have been tested and found ineffi- 
cient at the recommended strengths. 

The latter type commercial salesman is 
out to sell material handled by the com- 
pany that has him employed. He is not 
concerned whether the product meets 
with the recommendations put out by the 
experiment station in the state where he 
is offering the material for sale. The sales- 
man may, however, have data obtained 
by a research entomologist, employed 
by his company, to back up his argu- 
ments. Often such data are meager and 
were not obtained under conditions com- 
parable with those for which the product 
is being recommended. The salesman us- 
ing his data as a talking point resorts to 
high powered salesmanship. He paints a 
glowing picture of the wonderful change 
the farmer will see in his finished product 
if he will try Golden Glow spray on his 
apples and peaches. He convinces the 
farmer that Golden Glow is truly the an- 
swer to his prayer. The farmer forgets the 
letter from his extension entomologist. He 
uses Golden Glow, which may not contain 
the ingredients, either in whole or in part, 
that are needed for his particular case. 
When the harvest is over the farmer finds 
that, instead of fruit with beautiful cheeks 
kissed by sunbeams, he has fruit with 
cheeks kissed by insects that would have 
been controlled if the directions of the 
extension entomologist had been carried 
out. The next season the farmer is offered 
Golden Glow that has been taken from and 
added to until it is now the one perfect 
spray. In order to make assurance doubly 
sure, the salesman goes a step further 
and offers his service in timing the spray 
applications. This individual attention is 
attractive to an uninformed grower and 
often aids in selling him an inferior prod- 
uct. However, these cases are limited and 
only a few occur each year, the product 
and the salesman disappearing in the 
course of about 2 years, only to be sup- 
planted by a new crop of similar salesmen 
and products. 

Aside from high pressure salesmanship 
of this character, commercial entomology 
in Maryland seems to be on a sound basis, 
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and the extension entomologist welcomes 
the help that it gives in pest control.— 
1-6-39. 


What Are the Extension Problems 
With the Retail Insecticide 
Trade? 


G. E. Lenker, Purdue University, 
Lafayette, Ind. 

We have found that rural people often 
experience difficulty in obtaining insecti- 
cides recommended by the county agent 
or extension entomologist. This is espe- 
cially true of newly developed materials, 
and in areas where farmers have use for 
the insecticide in small amounts, as for 
control of pests in the home vegetable 
garden. In some cases so much time 
elapses before materials become readily 
available that they are no longer recom- 
mended, having been replaced by some- 
thing else. This situation, of course, 
greatly handicaps us in the work that we 
are doing. 

The problem has been approached in 
Indiana through the medium of insecti- 
cide conferences which enable dealers, 
county agents and the extension ento- 
mologist to sit down together and discuss 
the situation fully. Two or more counties 
have usually gone together for a confer- 
ence at some central location, but if 
there are enough dealers in one county the 
meeting can be held on that basis. No 
attempts have been made to schedule 
these conferences unless the county agri- 
cultural agents concerned are sufficiently 
interested to attend and bring their 
dealers with them. Both dealers and 
county agents, however, have been quick 
to cooperate inasmuch as both are mutu- 
ally benefited. Dealers increase sales 
through handling materials better suited 
for their intended purpose, and extension 
workers increase the effectiveness of their 
work by being able to recommend the best 
insecticides with full assurance that they 
are readily obtainable. Of even more im- 
portance is the fact that farmers them- 
selves are able to do a cheaper and more 
efficient job of insect control. 

Although the sale of insecticides is 


usually a minor item with dealers, they 
are shown the possibility of building a 
clientele in this field. The necessity of 
being able to talk insecticides and insect 
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control intelligently is stressed, as it 
helps to build confidence among cus- 
tomers. Dealers also have a responsibility 
in knowing that materials they sell are 
properly applied for best results; other- 
wise the buyers may not come back a 
second time. Dealers who do not handle 
appliances should at least point out their 
importance to customers not properly 
equipped and mention where this equip- 
ment is obtainable. The same is true of 
carriers of arsenate of lead and other 
materials which need to be mixed before 
being used. In this latter case the seller 
should also be able to give the proper 
dilutions and mention the insects against 
which the material is especially effective. 
Many dealers refer to experiment station 
or government publications for this 
information. 

Many of the insecticides sold by dealers 
are proprietary compounds which have 
an important place in the field of insect 
control. We suggest that they stock only 
those products that have an analysis of 
the active ingredients marked on the 
label. With the aid of this information 
dealers can judge the value of the com- 
pounds and recommend them with as- 
surance. It also enables them to avoid 
stocking large quantities of ineffective 
insecticides which must later be passed 
on to the public in order to avoid the 
losses that would otherwise occur. 

Until we have a better method of main- 
taining contact with dealers in insecti- 
cides, we feel that conferences of this kind 
are well worth while as a means of solving 
many of the problems in this field. 
—1]1-6-39. 


What Are the Extension Entomolo- 
gists’ Problems With Other 
Extension Agencies? 


J. O. Rowen, North Carolina State College Station, 
Raleigh, and J. M. Amos, University of 
Delaware, Newark 


1. Insect control recommendations 
which may be disseminated by other ex- 
tension agencies such as the extension 
horticulturist, extension tobacco special- 
ist or extension poultry specialist, should 
originate in the office of the extension 
entomologist. By this statement it is im- 
plied that no extension agency should 
make insect control recommendations 
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which have not been approved by the 
extension entomologist. In like manner, 
the extension entomologist should co- 
ordinate his insect control recommenda- 
tions with those of the research entomolo- 
gist of the state agricultural colleges and 
experiment stations and of the U. 5. 
Department of Agriculture. 

2. Vocational agricultural teachers, 
agents of the Farm Security Administra- 
tion, veterinarians and in many cases 
medical doctors are called upon to make 
insect control recommendations. These 
agencies should be reached in some man- 
ner and supplied with the most recent 
information on insect control problems. 
It is certain that the problems of insect 
control are unlimited. Therefore, no divi- 
sion, department or individual states 
could solve this problem without the 
harmonious cooperation of all agencies 
involved in agricultural pursuits. 

3. Since much insect control informa- 
tion is disseminated by insecticide manu- 
facturers and dealers, commercial insect 
exterminating companies and similar 
agencies, it is the responsibility of the 
extension entomologist to get into the 
hands of such agencies the latest and most 
accurate information concerning insect 
problems. Some difficulty has been ex- 
perienced when working with retail in- 
secticide dealers in attempting to have 
them read the label and know what poison 
they are selling for different insects. They 
prefer to sell merely by trade names and 
often have three to five concoctions with 
the same ingredients. One dealer had 9 or 
10 different trade named lice powders for 
poultry and all contained sodium fluor- 
ide. It will take a long period of effort 
in the education of insecticide dealers if 
they are to know what they are selling 
to the public.—1-6-39. 





The Logical Extension Approach in 
the Meeting of Insect 
Problems 


H. W. Hocusaum, Extension Service, U. 8. 
Department of Agriculture 

After I had told Mr. Jones I would be 
glad to take part in this conference, I 
became a little frightened when I read 
the imposing title for the assignment he 
gave me later—The Logical Extension 
Approach in Meeting Insect Problems. 
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Then I sought refuge and light in Web- 
ster, but did not find much, for the big 
book tells us that logic is “The science of 
generalization, judgment, classification, 
reasoning and systematic arrangement.” 
That didn’t seem to help a lot. Worse 
than ever, below this formidable array of 
words, I found, “‘Logicians have never 
agreed upon the definition of logic. Even 
in medieval times there was doubt as to 
whether it is a mode of knowing, or an 
instrument of knowledge, or science, or an 
art.” Still further down the page, I read 
that logic means “in accordance with the 
inferences reasonably drawn from pre- 
ceding or surrounding events or circum- 
stances; reasonable to be expected under 
the circumstances.” 

Now in extension work, we find little 
that is “‘reasonable to be expected under 
all circumstances.” So without further 
defining and without wishing to seem 
unreasonable, let me use a speaker’s 
privilege and make my own interpreta- 
tion. I am going to speak on the educa- 
tional approach in meeting insect prob- 
lems. 

In extension work we are concerned 
with two major groups of effort: (1) to 
give information, (2) to teach—educa- 
tion. There is quite a distinction. The first 
we shall always have to do. It is a service. 
By means of letters, news articles, meet- 
ings, demonstrations, we tell and we show 
how to meet individual and group prob- 
lems, what to do for this insect or that. 
There may be learning in this process. 
But I am skeptical that the mere dis- 
semination of information means much 
to the great majority of people in the way 
of educating them, getting them to learn. 
To be sure, in emergencies when pests are 
doing a lot of damage we do help thou- 
sands. But with some of the old enemies 
always with us, it doesn’t seem as easy to 
get people to change. 

And there is no learning without 
change. Giving information is not teach- 
ing, nor merely absorbing information, 
learning. To learn, an individual must act, 
do something, change practices, have new 
experiences, develop new attitudes, ap- 
preciations, and acquire judgments based 
on all these to help him meet his prob- 
lems. And these changes, these actions, 
these struggles to acquire new experi- 
ences, attitudes, judgments, must bring 
satisfactions, successes, or there is no 
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learning. Of course, all this is more dif- 
ficult to plan, to carry on, than merely 
giving information. For first of all we have 
to study the man, what his situations, 
practices and problems are, how he reacts 
and how he may learn. 

@The start is the want or wants of the 
individual, not what you think he should 
know. Unless he feels a difficulty, a dis- 
satisfaction and need, a want, we cannot 
get far with teaching him. Let us never 
forget that the thing we may be recom- 
mending may not be the end for the 
farmer, although it may seem so to us. 
For him it is largely a means to an end, 
a way of satisfying some wants he has. 
Human beings are driven by thousands 
of wants. 

Say you are writing a circular letter. 
Farmer Jones should come first, not you 
and your wants. An effective letter ap- 
peals directly to Farmer Jones in the 
very first line. The agent foregoes telling 
what he or the specialist thinks or about 
the life history of this or that bug. He 
plunges right into the matter of getting 
Farmer Jones’ attention and interest, his 
recognition of wants that are based on 
actual needs. The first paragraph of 
interest-compelling letters would discuss 
Farmer Jones’ problems in terms of the 
following: ““You, Farmer Jones, have this 
problem. You are looking for an answer. 
You have these wants. You want these 
satisfactions. You will find this to be a 
solution to your problem. It may bring 
you a new car, new equipment, money to 
pay taxes and interest or to buy conven- 
ient comforts for your wife and children.” 

At this stage, Farmer Jones should be 
given little technical information on sub- 
ject matter. There will be opportunity to 
give him all the subject matter he needs 
after he acts. Let him first realize his prob- 
lems, his wants and the need for a solu- 
tion. Let the agent picture only the basic 
needs and the impelling urge. Farmer 
Jones will not read much beyond the first 
paragraph unless it is a “you” appeal, 
unless it brings him up with a start to a 
realization that he has the wants and that 
he wishes to satisfy them. Then the 
farmer is likely to read on, to listen more 
carefully, to chase the thing down further 
to find out what it is all about. At least, 
he will go far enough to find out what the 
answer is, and consider whether it fits 
his situation and wants. 

So this answer, this solution to wants 
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logically follows. ‘To the farmer’s query 
“What of it?” the well-planned letter, 
the well-planned talk, the well-thought- 
out plan of work now offers a solution 
which must appeal to him as the right 
solution. No emphasis is placed on the 
technical. A well-written “solution”’ para- 
graph presents the solution, the recom- 
mended practices, as a simple, practical 
and easily attainable answer to the 
reader’s problems and wants. 

Now Farmer Jones may say “Well, 
that reads pretty good; that seems reason- 
able.”” Then he may be led to do some- 
thing about it. Perhaps he can be moved 
to take the first step in changing his 
practices by sending for more informa- 
tion, for circulars. Perhaps he may go 
out, though tired from the day’s labors 
and the late chores, plow through mud, 
rain or snow, to attend a meeting. It is 
more likely now that he will be keyed to 
stop and look at demonstrations, posters, 
exhibits or other things used to hold the 
idea of better practices before people. 
Perhaps he may be interested or follow 
his children’s interest in a slogan, essay, 
poster or reasons contest carried on in 
connection with the project. He will also 
pay more attention to survey cards which 
may be sent him, or read the news 
articles, the stories that appear in the 
local paper or farm journals. Maybe he 
will go on that tour. Perhaps he will talk 
to his neighbors about the problem, the 
solution. He may even say now, “I be- 
lieve there is something in that for us. 
I’m going to see the county agent.” 

Somewhere in the plan the extension 
worker is sure to provide a means to spur 
the farmer to act, to do one of the things 
mentioned above. Perhaps a_ self-ad- 
dressed card is inclosed in some of the 
circular letters with the injunction, “If 
you will sign and return the inclosed card 
you will be sent further information on 
fighting the bean weevil, grasshopper or 
whatever it is.” 

Quite successful too has been the fol- 
lowing, “If you intend to do so-and-so 
this year, please sign your name below 
and return it to me. Other available infor- 
mation will be mailed to you.” 

What satisfactions will Farmer Jones 
get? Of course, he may hesitate to follow 
the promptings to act. But many more 
Farmer Joneses will be influenced to act, 
if the letter, the news articles, the poster, 
the circular, meetings, demonstrations, 
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picture the satisfactions which could be 
won if the recommended solution is 
adopted. Citations of the number of 
farmers who have adopted the practices 
and the results they have won give the 
reader or the listener confidence and 
influence him to act. 

Every means must be used to stamp 
the recommended solution on the mind. 
It is really not to be wondered at that so 
few people adopt our recommendations 
when so little is done and so few agencies 
are used. One news article, one meeting, 
one circular letter is not going to affect 
many people. Moreover, many of these 
present the material in such a technical 
form that it is hard to understand what 
we are talking about. Let us put into 
practice the things we are recommending 
in such form that he who runs may read, 
that the farmer can do the things without 
alling up the county agent and finding 
out what we really mean. 

These terse statements of recom- 
mended practices serve a fundamental 
purpose. They represent subject matter 
boiled down to the essential steps that 
the reader should take as the solution to 
his problem. They are positive, practical 
directions of what to do. They represent 
a translation of technical terms and gen- 
eral principles into language that all will 
understand. They are the hurdles over 
which the farmer has to climb to reach 
the promised satisfactions. The more 
simply they are stated and the oftener 
they appear before him, the more likely 
he will recognize them as solutions for his 
problems. 

Tell them quickly and tell them often. 
Habits are hard to change. Moreover, if 
the farmer is to change his practices he 
must make readjustments in his farming 
operations, do things which he has not 
done before. He must have time to think 
things over, to weigh the significance of 
these changes in terms of his farming and 
his pocketbook. He must consider how 
and when to buy the various things that 
are called for by the recommended prac- 
tices. Therefore, his resolutions to change, 
to adopt new practices, must be kept 
alive. He ought to receive occasional re- 
minders to help him think everything 
through, to feel sure that he has the prob- 
blem, that he wants the solution and will 
learn to apply it successfully. 

After Farmer Jones has made his deci- 
sion, and has acted to accept the recom- 
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mended changes in practices, then he 
needs to be given all possible help and 
information that his success may be sure. 
Now is the time to send him seasonal, 
timely hints and reminders, detailed in- 
structions and helps. He is more likely 
to want the bulletins or circulars and read 
them now. He will read news articles that 
cover details of method and will take part 
in meetings, tours and visits to demon- 
strations. Now is the time to give him 
more instruction in trying the recom- 
mended practices, the solutions. This may 
involve sending him frequent circular 
letters. In a “better apple” campaign, 
spray cards go out to the fruit grower 
soliciting him to look for certain crucial 
stages in the cycles of insects and dis- 
eases, and instructing him how to make 
and apply control sprays. Likewise some 
agents who are recommending the grow- 
ing of alfalfa send farmers who need to 
grow alfalfa timely hints on how to select 
fields, take soil samples, test for lime re- 
quirement, prepare land, and on seeding 
and summer care. The farmer has re- 
sponded. Now he needs to be taught 
success. Then satisfaction will be his and 
some true learning won. 

This is the formula that I should like 
to teach you. This is the formula that 
has its basis in the soundest principles of 
learning and education. This is the for- 
mula with which we have been excep- 
tionally successful in planning extension 
work in a great variety of projects. This 
is the formula that will help you bring 
about a continuity of teaching effort and 
insure that the farmer you are trying to 
reach will do more than merely absorb 
information. This is the formula that will 
get him to think, react, act, adopt your 
practices, be successful, acquire new at- 
titudes, new judgments and new abilities 
to solve other problems. This is the for- 
mula that you can use in every meeting, 
every news article, every demonstration, 
every circular letter, every means that 
you use: want, solution, action, satisfac- 
tion. Begin with the farmer’s wants. Have 
the solution that is practical and under- 
standable and in terms of his real needs— 
a means to the end he seeks. Lead him to 
act, to do something about it, to change. 
And then see that he makes these changes 
successfully by giving him the helps that 
will carry him through. Remember con- 
stantly there is no learning without 
change. There is no learning unless that 
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change brings satisfaction. Satisfactions 
can come only if the solution is an answer 
to a real problem, to a real want. 

How may we find the farmer’s needs? 
Two major steps are involved. The first 
of these is to work with local leaders, 
county agents, and other specialists and 
study together real situations. The prob- 
lem is deeper than this insect and that 
remedy. Why does the farmer not do the 
things we think he ought to do? What do 
horticulturist, farm-management special- 
ist, agronomist, marketing specialist, 
know of the situation and trends? How 
does the problem affect his income? Why 
does he spray indifferently, in our opinion, 
give only four sprays when we say 12 or 
13? What are the land-use situations that 
surround him? How do idle lands, insect 
harbors, affect the fight he should make? 
How do the great soil conservation and 
AAA programs and practices affect his 
farming practices? What kind of living is 
he making? Is he farming land that would 
better be in forest? How difficult are the 
practices we recommend? How practical 
for him under his conditions? Can he 
jump all the hurdles we place before him? 
Just what are his practices and why? 

So together, agents, leaders, specialists, 
work out as nearly as they can situation, 
hypothesis, solution and teaching method. 
Thus will come the much-needed coordi- 
nation in extension work, viz., by study- 
ing, analyzing, working together, instead 
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of each worker making his independent 
and too specialized approach. 

Now comes the second step. County 
agent and local leaders interview, say, 50 
to 100 farmers known to have the prob- 
lem. They find out just what individual 
situations are, what the condition is, what 
the farmer’s practices are and why he 
does things his way. Sometimes ignorance 
of better methods is the reason. More 
often there is good reason for the farmer’s 
way of doing, a problem which he has not 
been able to meet. 

Now as a result of this study, and sur- 
vey, agents and specialists go over their 
recommendations and adjust them to 
meet actual situations. They may find 
new problems for which their program 
was no answer. In other words, they are 
making a real diagnosis and will prepare 
a remedy or practice to meet the need. 

I have yet to go through this procedure 
of studying local practices and needs in 
the county and find that the practices 
first suggested do not have to be changed 
in some degree. Moreover, this procedure 
of bringing out real situations, by getting 
farmers to study and survey, results in 
far more farmers recognizing a problem, 
feeling a want—and that, as [ told you, is 
the first step in learning, the first thing 
toward getting men to change. And, over 
and over again, there is no learning unless 
there is a change, no learning unless that 
change is satisfying.—1-6-39. 





Eradication of the Citrus Blackfly in Key West, Fla. 


Witmon Newe i and Artuur C. Brown, State Plant Board of Florida, Gainesville 


Spiny citrus whitefly, or citrus blackfly, 
Aleurocanthus woglumi Ashby, was first 
brought to the attention of the State 
Plant Board of Florida in May, 1916, 
when Quarantine Inspector J. H. Mont- 
gomery made a trip to Nassau for the 
purpose of investigating a rumor that 
citrus canker occurred in some of the 
Bahama Islands. Dr. Montgomery’s in- 
vestigations did not reveal the presence 
of canker, but they did bring to light the 
existence there of a then little-known 
insect pest, namely, citrus blackfly. 
Many citrus trees on the island of New 
Providence had died from its attacks, and 
others had been cut down by their owners 
after ineffective efforts to control the pest. 


Subsequent to Dr. Montgomery’s visit 
the colonial legislature passed a plant 
protection act, and a systematic attempt 
was made to control citrus blackfly. 
These efforts were ineffective, at least on 
the Island of New Providence. 

As a result of inquiries made by the 
Board, John R. Johnston, Chief, Commis- 
sion Sanidad Vegetal, Havana, Cuba, in a 
letter dated May 31, 1916, stated that 
citrus blackfly had been found near Guan- 
tanamo in August, 1915. In December, 
1916, it was reported from the vicinity of 
Havana, where it was causing consider- 
able damage to citrus and mango trees. 

The senior author visited Cuba in 


October, 1917, for the purpose of securing 
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more information concerning citrus black- 
fly, urging greater activity in Cuba to- 
ward subduing the pest and arranging 
for such cooperation with the Cuban 
government as would tend to reduce the 
chances of the pest being introduced into 
Florida. In November, 1917, the Cuban 
congress appropriated the sum of $50,000 
for citrus blackfly control. At the request 
of the Cuban authorities, the Plant Board 
loaned the services of three of its best 
inspectors, Frank Stirling, L. R. Warner 
and H. D. Bollinger, to assist in organiz- 
ing and supervising control activities. 
From November, 1917, to April, 1918, a 
more or less vigorous spray campaign was 
waged against the pest in the vicinity of 
Havana, and the insect population ma- 
terially reduced. No efforts of conse- 
quence were made to control blackfly at 
Guantanamo. The spraying activities 
near Havana were discontinued, and the 
insect soon became as abundant as before. 

In August, 1917, citrus blackfly was 
found by Harold Morrison, of the federal 
horticultural board, at both ends of the 
Panama Canal. It has been reported from 
Jamaica and other West Indian islands, 
as well as from Costa Rica and other 
Central American countries. 

Repeated interceptions at Florida ports 
of live, immature stages of citrus blackfly 
on boutonnieres worn by passengers, on 
plants and in shipments of plant products 
from Cuba and Nassau convinced the 
Plant Board that introduction into Flor- 
ida was inevitable. It was felt, however, 
that the degree of risk might be reduced 
somewhat by reduction in the severity of 
the infestation in the two islands, and 
that this could best be brought about 
through the introduction and establish- 
ment of natural enemies of citrus black- 
fly. The Board was successful in its 
efforts to interest officials of the U. S. 
Department of Agriculture and of the 
Cuban government in financing an expe- 
dition to Malaya to collect parasites and 
prédators of the pest. 

Natura Enemies.—The story of the 
expedition resulting in the successful in- 
troduction and establishing of natural 
enemies of blackfly in Cuba is well told 
in Technical Bulletin No. 320, U. S. 
Department of Agriculture, by Clausen 
& Berry (1932). 

It was found that in the Far East 
citrus blackfly is of no economic impor- 
tance due almost exclusively to mortality 


effected by natural enemies. Of the para- 
sites found in the Orient, Eretmocerus 
serius Silvestri has been established in 
Cuba where it is very effective. Among 
the Coccinellid predators, a species of 
Cryptognatha and Scymnus smithianus 
Silvestri are now established in that 
country. These latter are apparently not 
as effective as Eretmocerus. The initial 
introduction of the parasite into the Ba- 
hama Islands for some reason did not 
result in establishment, and a second in- 
troduction has been made. At this point, 
and somewhat parenthetically, attention 
is directed to the uncertainty of biological 
control of which the Bahama situation is 
a striking example. By this we do not 
mean to minimize the advantages of con- 
trol by means of parasites and predators, 
but rather to emphasize the necessity of 
having well-developed and effective me- 
chanical measures available. 

Spray Activities.—Forewarned is fore- 
armed, and when an infestation of citrus 
blackfly was found on the Island of Key 
West, August 10, 1934, by Plant Board 
Inspector J. H. Sealey, eradication meas- 
ures were immediately instituted. It was 
known that in Panama the life cycle of 
the citrus blackfly varies from 45 to 
113 days, and plans were made at Key 
West for the application of an oil spray 
at intervals of 20 days. 

Specialists of the Bureau of Entomol- 
ogy and Plant Quarantine, U.S. Depart- 
ment of Agriculture, recommended the 
use of an oil with an unsulfonatable resi- 
due of not less than 85 (preferably 90 or 
over) and a viscosity of between 60 and 
100 degrees Saybolt (preferably in the 
60’s but not exceeding 100 degrees). An 
oil of this grade was not readily available 
at that time, and the Bureau approved 
the use of a Standard Oil Company 
Diamond Paraffin Oil with an unsulfona- 
tion of 76 and a viscosity of 105 degrees. 
The emulsion was made of 2 gallons of 
fish oil soap, 2 gallons of oil and 1 gallon 
of water. The oil content of the spray 
mixture as used varied with the season 
and ranged from two thirds per cent to 
1 per cent. It is interesting to note that 
even though this oil spray was applied to 
citrus trees every 20 days from Septem- 
ber, 1934, to June, 1937, except for about 
2 months during the spring of 1936, no 
apparent damage was caused to the trees 
by the repeated applications. 

At first the spray was applied to all 
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plants—23 in number—known to be 
hosts of the citrus blackfly in Key West. 
Citrus and mango appeared to be the 
primary hosts, and as eradication work 
progressed and the insect population de- 
creased the oil was applied to these two 
hosts only. Amounts of the mixture used 
varied with the size of the tree, but suffi- 
cient material was applied to drench all 
parts of the tree. Applications were made 
by the use of power sprayers, of which 
there were available at Key West four 
large federal sprayers loaned by the 
Bureau, and four Bean outfits purchased 
by the Plant Board. Pressure was main- 
tained at about 400 pounds. 

Difficulties encountered in the applica- 
tion of eradication measures were many 
and varied. There were no commercial 
plantings jeopardized at Key West and 
as a rule the citizens were indifferent as 
to the outcome of the project. Unsup- 
ported by the weight of public opinion, 
without which any eradication project is 
severely handicapped, the Board was 
forced to appeal to the courts, both civil 
and criminal, many times. It was not 
until May, 1936, when a favorable ruling 
of the State Supreme Court convinced 
objectors that continued opposition would 
be of no avail, that real progress in eradi- 
cation was made. 

Other difficulties encountered at Key 
West were unique. Rainwater stored in 
cisterns during the rainy season is the 
only source of fresh water on the island. 
As our forces used several thousand gal- 
lons daily, the problem of securing fresh 
water during the dry season, from the last 
of October to the middle of May, was a 
serious one. It was met chiefly through 
the ability of the inspector in charge, 
H. S. McClanahan, to persuade citizens 
to have spare cisterns pumped out and 
cleaned at no cost. Water thus secured 
was stored in our own cisterns. 

The infested area was wholly within the 
limits of the city of Key West. The major- 
ity of the properties are small ones, and 
practically all of them are fenced, the 
gates of which are frequently locked. In 
some cases entry into the walled yards 
was possible only through the house itself, 
which meant that the spray crews had 
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to drag many feet of hose through the 
front door and out a side door or window 
into the yard. When the spray crews 
reached the yard, they frequently found 
all available space filled with the family 
laundry. In fact, many a return trip was 
necessary in order to spray a property on 
which the laundry was hanging when the 
crews first called. 

Many trees grew close to the houses 
and, in order to keep the spray from 
drifting into open windows and doors, it 
was frequently necessary to hang tar- 
paulins between the tree and the house. 
Tarpaulins were part of the equipment of 
each outfit and were used to cover fish 
ponds, cisterns, and guttering and troughs 
leading from the house to the cistern. 

Resvutts.—Between February 26, 1937, 
when the last live immature stages of 
citrus blackfly were found, and June 30, 
1937, primary hosts received six applica- 
tions of spray. During the same period 
four complete, intensive inspections were 
made with negative results. With this 
information at hand the Board, on June 
30, 1937, ordered discontinuance of all 
eradication activities, with the exception 
of quarantine enforcement. 

In the fall of 1937, and again in the 
spring of 1938, intensive inspections were 
made of host plants in Key West. When 
no indications of citrus blackfly were 
found on either survey, Chairman R. P. 
Terry of the State Plant Board felt justi- 
fied in concluding that eradication was an 
accomplished fact, and on April 13, 1938, 
authorized discontinuance of quarantine 
enforcement. That this conclusion was 
warranted is evidenced by the fact that 
another intensive inspection of the in- 
fested area was made last fall with nega- 
tive results. 

The total cost of the project was $197,- 
464.95. Federal contributions, through 
the Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agri- 
culture, were $36,000, while state funds 
expended amounted to $161,464.95. With 
proper cooperation on the part of prop- 
erty occupants at Key West this project 
should have been completed in 1 year 
and at a considerable reduction of the 
total amount expended.—4-1-39. 
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Further Studies With Ethylene Dichloride Emulsion for the 
Control of the Peach Borer 


Oxtver I. Snapp, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


At the last annual meeting of the Cot- 
ton States Branch the writer (1938) re- 
ported that ethylene dichloride emulsion 
maintained its effectiveness against the 
peach borer, Conopia eritiosa (Say), late 
in the fall in New York and during warm 
periods in the winter in Georgia, when 
soil temperatures were too low for the 
effective use of paradichlorobenzene. To 
broaden our knowledge concerning the 
relative effectiveness of ethylene dichlor- 
ide emulsion and _paradichlorobenzene 
crystals, tests were conducted near Car- 
bondale and Vienna, IIl.,* early in the 
spring and near Fort Valley, Ga., 2 weeks 
before the usual fall applications of para- 
dichlorobenzene. 

EXPERIMENTAL Procepurn.—The eth- 
ylene dichloride emulsion was prepared 
by stirring 9 parts by volume of ethylene 
dichloride into 1 part by volume of a 
potash fish-oil soap containing approxi- 
mately 30 per cent of soap. This mixture 
was then diluted with water to the re- 
quired strength and poured around the 
base of the tree, so that the soil immedi- 
ately surrounding the tree and the lower 
part of the trunk received some of the 
material. The emulsions used in these 
experiments were applied without pre- 
vious preparation of the soil. In no case 
was the level of the soil raised before 
treatment. Some soil, however, was 
placed around the base of the tree after 
treatment. The paradichlorobenzene crys- 
tals were applied by standard methods. 

Resutts.—The results of these experi- 
ments are given in table 1. 

Insury TO Trees.—Ethylene dichlor- 
ide emulsion caused no tree injury in 
Illinois. In Georgia there was considerable 
cracking of the soil around the 5- and 
7-year-old trees, and, as the soil was not 
prepared before treatment, the cracks 
admitted the ethylene dichloride and in 
some cases allowed it to settle close to 
the tree trunk below ground, a condition 
conducive to tree injury. Furthermore, 
the soil temperature was unusually high 


* In cooperation with W. P. Flint of the Illinois Natural 
History Survey and the Illinois Agricultural Experiment Station, 
and S. C, Chandler of the [linois Natural History Survey 


during the period of the experiments and 
the danger of injury by this chemical is 
greater when used during hot weather. 
Owing to these conditions, several of the 
5- and 7-year-old trees showed slight in- 
jury from the stronger but none from the 
weaker emulsions. There was considerable 
injury to June-budded nursery stock from 
the 7.5 and 10 per cent emulsions, but 
none from the 5 per cent strength. No 
tree injury resulted when ethylene di- 
chloride emulsion was used around trees 
of other ages. 

In Georgia, paradichlorobenzene crys- 
tals caused considerable injury. Trees as 
old as 7 years were injured into the cam- 
bium. Sixty per cent of the trees of that 
age treated with 1 ounce per tree showed 
‘ambium injury. Fifty per cent of the 
5-year-old trees treated with three-quar- 
ter ounce per tree showed cambium in- 
jury, some of which was severe. Some 
4-year-old trees were injured by treat- 
ment with three-quarters of an ounce per 
tree, some 3-year-old trees by one-half 
ounce, and some 2-year-old trees by one- 
quarter of an ounce. A treatment of one- 
eighth ounce per tree killed some of the 
l-year-old orchard trees and June-budded 
nursery stock. In Illinois the one-quarter 
ounce dose caused cambium injury to 
2-year-old orchard trees, at a time when 
soil temperatures were too low to cause 
a gas concentration sufficient to kill the 
borers. The trees thus injured seemed to 
suffer no permanent ill effect, however. 

Discussion oF Resuits.—Ethylene 
dichloride emulsion when applied early 
in the spring in Illinois, when soil tem- 
peratures were too low for paradichloro- 
benzene to be effective, gave excellent 
borer control. The results were about as 
good as those obtained previously from 
“arly fall experiments. This material 
when applied early in the fall in Georgia 
proved to be an excellent control measure, 
the results confirming the results of other 
years. Ethylene dichloride gave 100 per 
cent control in most cases in Georgia 
without previous preparation of the soil. 
As a precaution against tree injury, how- 
ever, any cracks in the soil around the 
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Table 1.—Comparative effectiveness of ethylene dichloride emulsion and paradichlorobenzene 
crystals for peach borer control, Carbondale and Vienna, IIl., March 16-19, and Fort Valley, Ga., 


October 6-8, 1938, 








ILLINOIS GEORGIA 
Total Percentage Total Percentage 
QUANTITY Number Number of Borers Number Number of Borers 
INSECTICIDE Per Tree of Trees of Borers Dead of Trees of Borers Dead 
Ten-Y ear-Old Trees in Illinois and 7-Year-Old Trees in Georgia 
Ethylene dichloride 
25 per cent 4 pint 20 134 97.0 20 86 100.0 
20 per cent } pint 20 186 92.5 20 101 100.0 
Paradichlorobenzene 1 ounce 10 35 34.3 10 19 94.7 
Check (no treatment 5 58 0.0 5 49 0.0 
Five- Y ear-Old Trees 
Ethylene dichloride 
20 per cent 4 pint 20 63 100.0 
15 per cent $ pint 20 95 99 .0* 
Paradichlorobenzene ? ounce 10 15 100.0 
Check (no treatment _ 5 40 0.0 
Four-Y ear-Old Trees 
Ethylene dichloride 
20 per cent } pint 10 85 97 .6 20 68 100.0 
15 per cent § pint 10 53 96.2 20 29 93.1 
Paradichlorobenzene j ounce 10 116 12.9 10 4 100.0 
Check (no treatment — 5 82 0.0 5 19 0.0 
Three-Y ear-Old Trees 
Ethylene dichloride 
15 per cent } pint 20 32 100.0 
12.5 per cent 4 pint 10 11 100.0 
10 per cent $ pint 10 15 100.0 
Paradichlorobenzene 4 ounce 10 4 100.0 
Check (no treatment _- 5 12 0.0 
Two-Y ear-Old Trees 
Ethylene dichloride 
15 per cent i pint 20 52 92 .3T 19 17 100.0 
12.5 per cent + pint 20 51 94.1 20 23 100.0 
Paradichlorobenzene } ounce 10 54 16.7 10 7 100.0 
Check (no treatment : 5 10 0.0 5 11 9.1 
One-Y ear-Old Trees 
Ethylene dichloride 
10 per cent i pint 20 9} 100.0 
7.5 percent t pint 20 6t 100 .0t 
Paradichlorobenzene } ounce 10 5§ 0.0 
Check (no treatment — 5 4 0.0 
Nursery Stock, June buds 
Ethylene dichloride 
10 per cent } pint 20 51 96.1 
7.5 per cent i pint 10 10 100.0 
5 per cent } pint 10 23 95 .7°* 
Paradichlorobenzene } ounce 10 3 0.0 
5 8 0.0 


Check (no treatment 











* The remaining 1 per cent stupefied. Probably would die. 


t One of the four live borers in a hibernaculum. 


t Does not include borers on bottom of root stock with channel packed with particles of wood 


§ Mostly in root stock. 


** The remaining 4.3 per cent in a hibernaculum on bottom of root stock. 


trees should be filled with soil before the 
emulsion is applied, and the material 
should not be used during hot weather. 

The results of these experiments would 
justify no change in the doses of ethylene 
dichloride emulsion suggested at the last 
annual meeting of the Cotton States 


Branch (1938) as sufficient to give effec- 
tive borer control with minimum danger 


of tree injury, except perhaps the use of a 
20 per cent instead of a 25 per cent emul- 
sion for trees 6 years old or older in the 
South. The indications are that nursery 
stock on 1- or 2-year-old roots may be 
safely and effectively treated, before it is 
dug, with one-eighth pint per tree of the 
7.5 per cent strength, and June-budded 
stock given a similar treatment with 
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one-eighth pint of the 5 per cent strength. 
It is believed better, however, to treat 
all nursery stock after it is dug by spray- 
ing the soil packed and settled around 
bundles of the stock heeled in an upright 
position with a 2.5 or 3 per cent emulsion 
at the rate of 1 quart to each 15 trees. 
That treatment should be made during 
the dormant season before any growth 
begins in the spring, and the soil should 
be dry when the material is applied. 

In these experiments, paradichloroben- 
zene crystals failed to control the peach 
borer in Illinois, owing to an insufficient 
accumulation of gas from the chemical 
used around the trees at that time. The 
conditions during the period of the experi- 
ments in Georgia were excellent for build- 
ing up a high concentration of gas from 
the paradichlorobenzene crystals, and as 
a result very good borer control was ob- 
tained, but with more than the usual 
amount of tree injury. The results of 
these experiments show conclusively that 
paradichlorobenzene crystals should not 
be used on young peach trees in the south- 
eastern states because of the danger of 
serious tree injury, and that ethylene 
dichloride emulsion is safer than paradi- 
chlorobenzene for use on the older trees 
in that area. 

It will be noted from table 1 that, in 
the 5-year-old trees, on an average 8 
borers per tree were found in untreated 
trees and only 1.5 in trees treated with 
paradichlorobenzene. This fact indicates 
that some of the small dead borers in the 
treated trees had decomposed or dis- 
integrated beyond recognition or were 
devoured by maggots before the counts 
were made. As some of the small dead 
borers were most likely missed and all 
live ones found when the trees were ex- 
amined, the percentage of borers dead 
as given in table 1 is in all probability 
somewhat lower than was actually the 
case. 

A Simpuiriep Metuop ror EMULSIFY- 
ING EtHyLeNE DicnLoripe.—A simple 


Snapp: ErayLeNne DicutoripE EmMvuLsion 685 


method for preparing ethylene dichloride 
emulsion has been developed at the Fort 
Valley laboratory. In making a 50 per 
cent emulsion 8 volumes of water are 
added to 1 volume of potash fish-oil 
soap, containing approximately 30 per 
cent of soap, after which 9 volumes of 
ethylene dichloride are added and the 
constituents emulsified cold by pumping. 
This procedure not only simplifies the 
method of emulsification but reduces the 
danger of a reversed or broken-down 
emulsion when this material is prepared 
by the orchardist. A 50 per cent stock 
emulsion of ethylene dichloride prepared 
by this method on October 10, 1938, was 
holding up well on February 18, 1939. 

SumMary.—Ethylene dichloride emul- 
sion maintained its effectiveness against 
the peach borer, Conopia erxitiosa (Say), 
early in the spring in Illinois, when soil 
temperatures were too low for the effec- 
tive use of paradichlorobenzene. Although 
the soil was not prepared before treat- 
ment, ethylene dichloride emulsion gave 
100 per cent control of the peach borer 
in most of the early fall experiments in 
Georgia. As a precaution against tree 
injury, any cracks in the soil around the 
trees should be filled with soil before the 
ethylene dichloride is applied, and the 
material should not be used during hot 
weather. The results of the experiments 
reported in this paper show conclusively 
that paradichlorobenzene crystals should 
not be used on young peach trees in the 
southeastern states because of the danger 
of serious tree injury, and that ethylene 
dichloride emulsion is safer than paradi- 
chlorobenzene for use even on the older 
trees in that area. In making a 50 per 
cent emulsion of ethylene dichloride by 
a new and simplified method, 8 volumes 
of water are added to 1 volume of pot- 
ash fish-oil soap, containing approximately 
30 per cent of soap, after which 9 volumes 
of ethylene dichloride are added and the 
constituents emulsified cold by pumping. 
—4-1-39. 
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Tue sweetpotato weevil quarantine proclamation 
of the state of California, as revised effective July 10, 
1939, added to the regulated area Conecuh and 


Baldwin Counties, Ala., Marion, Stone and Walt- 
hall Counties, Miss., and Thomas County, Ga., and 
eliminated Decatur County, Ga., from that area. 




















Increases inJCitrus Scale Insect Infestations From Heavy 
Residue and From Copper Spray Mixtures 


Hersert Spencer,* U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Growers of citrus fruits have known for 
many years that troublesome infestations 
of scale insects almost always follow the 
use of Bordeaux spray for control of 
melanose and scab. Fawcett (1911), 
working experimentally with this mix- 
ture, explained heavy fruit drop from 
trees sprayed with Bordeaux mixture as 
due to the increases of scale insects which 
the use of this mixture caused. Winston 
& Yothers (1921) advised combining oil 
emulsions with Bordeaux mixture to re- 
duce this build-up of scale insects, but 
warned that a midsummer oil emulsion 
spray would also be necessary to control 
scales after either Bordeaux mixture or 
Bordeaux-oil emulsion. Winston, Bow- 
man & Yothers (1923) published data on 
repression of the entomogenous fungi by 
copper sprays, and definitely attributed 
build-up of scale insect and whitefly popu- 
lations after spraying with Bordeaux mix- 
ture to destruction of the beneficial fungi. 
Recently Thompson (1938) has reported 
that increases of the purple scale, Lepi- 
dosaphes beckii (Newm.), were least after 
single applications of proprietary copper- 
compound sprays, greater after 3:3: 100 
Bordeaux spray and still greater after 
Bordeaux 6:6:100. Two applications of 
these materials gave greater increases 
than did single sprayings. Because of the 
difficulties in controlling scale insects 
after spraying with Bordeaux mixture, 
citrus growers have become reluctant to 
spray with copper materials, and have 
suffered losses in fruit quality from lack 
of control of the plant diseases when 
copper sprays were needed but were 
omitted. 

Some information on the factors which 
tend to increase scale insect populations 
has been obtained in experiments in rust 
mite control. Since 1925 the Orlando, 
Fla., laboratory has been investigating 
the possibility of prolonging effectiveness 
of sulfur combinations in sprays by add- 
ing adhesives. Several of the adhesives 
left heavy residues on the leaves and 
fruits but did not destroy the entomoge- 

* The author desires to acknowledge the helpful suggestions 


of B. A. Porter and F. M. Wadley regarding the presentation of 
data in this paper 


nous fungi. Nevertheless, scale insect in- 
creases similar to those from Bordeaux 
mixture were encountered and were re- 
ported by Osburn & Spencer (1938). This 
led to a theory that possibly the persistent 
residue left on leaves after spraying with 
Bordeaux mixture was an important fac- 
tor, and that reduction of the entomoge- 
nous fungi by copper was not the only ex- 
planation for scale insect build-up. 

In 1936 plans were made for an experi- 
ment to throw light on the relative im- 
portance of heavy noninsecticidal residues 
and of copper in scale insect increases of 
this kind. One plot was to receive Bor- 
deaux mixture, another the hydrated lime 
without copper sulfate, a third the same 
amount of copper sulfate without the 
hydrated line and a fourth plot was to be 
unsprayed. However, as a preliminary 
trial of the copper sulfate spray on three 
trees demonstrated conclusively, by the 
resulting defoliation, that the mixture 
was unsafe, low-residue substitutes for 
Bordeaux mixture had to be used in plot 
8. The work was repeated with slight 
modifications in 1937 on other trees, and 
again in 1938, with quite consistent re- 
sults. Since the 1938 experiment was set 
up on more nearly uniform trees and was 
planned so that statistical tests might be 
applied better, it will be discussed in 
detail. 

EXPERIMENTAL PROocEDURE.—A small 
grove of Parson Brown orange trees was 
blocked out in groups of three trees. Each 
treatment was applied to five well- 
scattered groups, or to 15 trees in all. The 
treatments were as follows: 


Plot 1. Bordeaux mixture 
heavy residue): 
Copper sulfate (“snow” 
Hydrated lime... ...... 6 pounds 
Water... 100 gallons 
Plot 2. Heavy-residue, no-copper spray: 
Hydrated lime.............. 6 pounds 
Aluminum sulfate .6 pounds 
re .100 gallons 
Plot 3. Ammoniacal copper carbonate 
(copper with low residue): 
Cupric carbonate (50 per cent Cu).... 
1 pound 


(copper and 


6 pounds 
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Ammonium hydroxide, C.P. 9 pints 


Water 


Plot 4. Unsprayed. 


100 gallons 


Two applications of these sprays were 
made, the first on April 20 and the second 
on July 8, each time with thorough cover- 
age of both upper and lower leaf surfaces 
and of fruits and wood. In plots 1 and 3 
the entomogenous fungi were almost com- 
pletely eliminated until late in the year 
when the copper deposits had weathered 
away. During the last week of October 
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of 50 fruits and the grand total for the 
five samples obtained. Needless to say, 
this method of computing from a mini- 
mum figure for each class is extremely 
conservative. 

Resutts.—The tree and plot records 
were treated statistically by the method 
of analysis of variance. With the purple 
scale, heavy build-up above the un- 
sprayed plot level was encountered in 
the Bordeaux mixture plot and in the 
hydrated lime plot; these increases were 


highly insignificant statistically. There - 


Table 1.—Infestations of the purple scale and the Florida red scale from copper and residue sprays. 





PLot Spray TREATMENT 

l Bordeaux 6:6:100 
(Copper and heavy residue 

2 Hydrated lime+aluminum sulfate 
(heavy residue, no copper 

3 Ammoniacal copper carbonate 
(low-residue and copper 

t None 


PurpP.Le ScALE Fiorina Rep ScaLe 











Fruits Scale Fruits Scale 
Infested, Population, Infested, Population, 
Per Cent* Number __— Per Cent* Number 

98.8t 10,7477 70.87 2,467} 

964+ 5, 8217 24.87 422 

67.6 1,219 14.4 396 

58.8 537 $.2 8 





* Average of the percentages derived from each of 5 samples of 50 fruits each. 


+ Difference from unsprayed trees highly significant. 


picking of fruit in these plots was begun, 
and 50 oranges from one of each three 
trees were examined for infestation by 
the purple scale and by the Florida red 
scale, Chrysomphalus aonidum (L.). Sepa- 
rate records were kept for the two species. 
Since there were five groups of trees in 
each treatment the plot records are based 
on 250 fruits each. The fruits were tallied 
in the following four classes by a method 
recently proposed by Spencer & Osburn 
(1938): (1) Uninfested, (2) with from 1 to 
20 scale insects, (3) with from 21 to 50 
scale insects and (4) with more than 50 
scale insects. 

The percentage of fruits infested from 
each sample of 50 oranges was computed. 
As there were five groups of trees for each 
treatment, the percentages were aver- 
aged, and these mean percentages are 
given in table 1. The scale population 
estimates have been derived by calculat- 
ing each fruit in the 1-to-20 class as 
bearing one seale, each in the 21-to-50 as 
carrying 21, and each in the more-than-50 
as having 51 scales. These minimum 
values were then totaled for each sample 











was also some increase where ammoniacal 
copper carbonate was used, but this dif- 
ference was less than the usually ac- 
cepted level of significance. The infesta- 
. tions of the Florida red scale were lighter 
and more variable than those of the 
?purple scale, but much the same responses 
,were noted. Both Bordeaux mixture and 
hydrated lime spray produced highly sig- 
nificant increases in infested fruits. Low- 
residue ammoniacal copper carbonate 
gave increase of lesser extent, and of 
doubtful significance. However, when the 
red scale populations were compared, the 
experiment showed moderate increases 
for the ammoniacal copper carbonate and 
the hydrated lime plots and highly sig- 
nificant increases for the Bordeaux mix- 
ture plots. 

With both the purple scale and the 
Florida red scale the significant infesta- 
tion and population increases were asso- 
ciated with the presence of the hydrated 
lime in the mixtures rather than with the 
copper. The hydrated lime was present 


4 in the Bordeaux mixture of plot 1 and also 


in the mixture used in plot 2, and is 
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largely responsible for the heavy residues 
left on leaves and fruits of these plots. In 
the case of the ammoniacal copper car- 
bonate spray the copper was present in 
sufficient amounts and adhered long 
enough to eliminate the entomogenous 
fungi, but the residue on the leaves and 
fruits was light and scale build-up was 
nonsignificant. We cannot be sure whether 
this slight increase shown by the results 
for plot 3 was from the copper, from the 
light residue, from sampling errors or 
from all together. 
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Conciusion.—It is quite clear that 
heavy residues from sprays containing 
calcium hydroxide produced significant 
scale insect increases in citrus trees and 
that presence or absence of copper was 
unimportant. The experimental results 
suggest that a partial solution of the 
problem of scale build-up after Bordeaux 
mixture might be had by reducing the 
residue-leaving hydrated lime in the 
spray to as low a quantity as horticul- 
tural or pathological considerations may 
permit.—4-1-39. 
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Control of the Purple Scale and the Florida Red Scale 
Max R. Ospurn,* U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Two of the most important insect pests 
of citrus in Florida are the purple scale, 
Lepidosaphes beckii (Newm.), and the 
Florida red scale, Chrysomphalus aonidum 
(L.). The purple scale, which attacks all 
portions of the tree, is widely distributed 
over the citrus belt and is usually of major 
importance every year in some sections. 
The Florida red scale ordinarily attacks 
only the leaves and fruits, and is usually 
more injurious along the lower east coast 
of Florida, but at times outbreaks in other 
sections of the citrus area may become 
serious. Yothers (1918) recommended the 
use of a paraffin oil emulsion at an oil 
strength of 1 per cent for the control of 
scale insects on citrus. Yothers (1922) 
later found that a single application of 
oil emulsion at an oil strength of 1 per 
cent was unsatisfactory in controlling 
the Florida red scale, but two applications 
at this strength 6 weeks apart gave con- 
trol; also single applications at strengths 
of 2 and 8 per cent were satisfactory, but 
there was some shadowing or discolora- 
tion of fruit. Yothers (1918) and Thomp- 


* The author wishes to acknowledge the helpful suggestions 
of B. A. Porter and F. M. Wadley regarding the presentation of 
data in this paper. 


son (1935) reported that some control of 
scale insects was obtained with the use 
of sulfur sprays, but they did not recom- 
mend these sprays for heavy infestations. 
Within the last few years combination 
sprays of lime sulfur plus wettable sulfur 
and lime sulfur plus dry lime sulfur have 
been recommended for the combined 
control of citrus rust mites and light in- 
festations of scales. 

EXPERIMENTAL PrRocEDURE.—During 
1938 an experiment was performed at 
Orlando, Fla., in which a sulfur spray was 
compared with an oil spray for the control 
of heavy and light infestations of the 
purple scale and the Florida red scale. 
The sulfur spray consisted of 2 per cent 
lime sulfur solution to which had been 
added 5 pounds of wettable sulfur per 100 
gallons of water. An oil spray of 1.6 per 
cent was made from an emulsion contain- 
ing 83 per cent of oil of light-medium 
volatility and having an unsulfonated 
residue of 92 per cent. Early in 1938, in a 
grove of 10-year-old Parson Brown orange 
trees, 60 trees had been arranged into 4 
plots of 15 trees each. Two of these plots 
had received applications of sprays leav- 
ing heavy lime residues, and in these trees 
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heavy, rather uniform infestations of the 
scale insects had developed. The third 
had been sprayed with a mixture which 
produced a medium infestation; the 
fourth was left unsprayed and in this the 
infestations remained rather light. 

In July each of the four plots described 
above was split into three groups, making 
a total of 12 plots of five trees each. Trees 
of each plot were well distributed over the 
grove to make the results available for 
statistical analysis. On July 8, five trees 
from each of the four original plots (20 
trees in all received a spray of lime sulfur 
solution 2 gallons plus wettable sulfur 
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corded in the following classes: (1) unin- 
fested, (2) with 1 to 20 seale insects, (3) 
with 21 to 50 scale insects and (4) with 
more than 50 scale insects. For presenta- 
tion all fruits recorded in the 1-20 group 
are classed as having 1 scale each, all in 
the 21-50 group as having 21, and all in 
the more-than-50 group as having 51. It 
was not practical to obtain exact counts 
of the total scale populations, but the 
estimates used here are conservative and 
believed to be adequate for comparative 
purposes. The minimum total population 
indicated in this way is given in table 1. 
The fruit-infestation data were analyzed 


Table 1.—Effect of lime sulfur and oil sprays on infestations of the purple scale and the Florida 


red scale in orange trees. 





Sca.e Insect PopuLations 


Florida Red 











OrIGINAL Purple Scale, 
PLot APPLICATIONS* Number Scale, Number 
l a. None 10 , 747 2,467 
b. Lime sulfur 2 gallons plus wettable sulfur 5 pounds 3, 4997 3,555 
c. Oil, 1.6 per cent 429+ 518 
2 a. None 5,821 422 
b. Lime sulfur 2 gallons plus wettable sulfur 5 pounds 3,090 1,368 
ce. Oil, 1.6 per cent 738T 591 
3 a. None 1,219 396 
b. Lime sulfur 2 gallons plus wettable sulfur 5 pounds 252t 896 
ec. Oil, 1.6 per cent 136T 28 
t a. None 537 8 
b. Lime sulfur 2 gallons plus wettable sulfur 5 pounds 186 24 
ce. Oil, 1.6 per cent 99t 11 





* Amounts are given per 100 gallons of spray. 
t Difference from unsprayed trees highly significent. 
¢ Difference from unsprayed trees significant. 


5 pounds per 100 gallons of water; a 
second similar group received the 1.6 per 
cent oil spray; and the remaining group 
of 20 trees was left unsprayed. The sulfur 
and the oil sprays were applied at 400 
pounds pressure with a_ single-nozzle 
spray gun equipped with a disk having a 
seven-sixty-fourths-inch opening. Every 
effort was made to cover all portions of 
the trees thoroughly. An average of 8.4 
gallons of material was applied to each 
tree receiving the sulfur spray, and each 
tree sprayed with oil got an average of 
7.2 gallons. 

At harvest time, the last week in Octo- 
ber, samples of 50 fruits from each of the 
five trees in each plot, 250 fruits per plot, 


‘ were examined for scales. Fruits were re- 


statistically by the method of analysis of 
variance. 

EFFECT OF THE SPRAYS ON PURPLE 
ScaLe Popunations.—In all the four 
plots receiving the sulfur spray there was 
a reduction of purple scale population as 
compared with that in plots receiving no 
control treatment. Plot 1b showed a 
highly significant reduction when com- 
pared with plot Ja. Plot 2b showed a 
significant decrease when compared with 
plot 2a. The reduction in the infestation 
in plot 3b over that found in plot 3a was 
highly significant. Also in plot 45 there 
was a significant decrease in infestation 
when compared with that in plot 4a. 

With the oil spray a highly significant 
reduction of purple scale was obtained in 
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plots Ic, 2¢ and 3¢ compared with check 
plots Ja, 2a and 3a, respectively. Also 
there was a significant reduction of scale 
population in plot 4c over that in plot 
ja. The oil spray was consistently more 
effective than the sulfur spray in reducing 
purple scale infestations, as is shown by 
comparing the c plots with the respective 
b plots. 

EFFECT OF THE SPRAYS ON FLORIDA 
Rep Scate Porutations.—The sulfur 
spray was ineffective in reducing popula- 
tions of the Florida red scale in all four 
plots. An increase in the number of scales 
was recorded in each case where sulfur 
was used, but these increases were not 
significant. 

With the oil spray a reduction of red 
scale population was obtained in plots 
le and 3c when compared with those re- 
corded in plots Ja and 3a, but these reduc- 
tions were not significant. In plots 2¢ and 
je red scale populations were slightly 
greater than in the respective control 
plots, 2a and 4a, but these increases were 
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not significant. The variation of red scale 
infestation throughout the plots may have 
been responsible for the inconsistent re- 
sults obtained with the sulfur and oil 
applications. 

SumMaAry.—Early in 1938 plots of Par- 
son Brown orange trees received sprays 
which increased infestations of the purple 
scale, Lepidosaphes beckii (Newm.), and 
the Florida red scale, Chrysomphalus 
aonidum (L.). In July a spray of lime 
sulfur 2 gallons plus wettable sulfur 5 
pounds per 100 gallons of water and a 1.6 
per cent oil spray were applied to repre- 
sentative plots of trees that had received 
the early sprays. One application of the 
sulfur spray was effective in reducing 
purple scale populations in all plots and 
totally ineffective in reducing infestations 
of the red scale. One application of the oil 
spray reduced purple scale infestations to 
a greater extent than did the sulfur spray, 
but it was not satisfactory in decreasing 
infestations of the Florida red 
$-1-59. 


scale. 
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Habits of the June Beetle, Phyllophaga lanceolata (Say) 
in lowa* 


Bernarp V. Travis,t{ Iowa Agricultural Experiment Station, Ames 


Previous to the summer of 1934 not 
more than a half dozen specimens of 
Phyllophaga lanceolata (Say) had been 
recorded in Iowa; these were from Ames 
and Sioux City. On June 13, 1934, Wil- 
liam Reis, a farmer, residing near Murray, 
Clark County, Iowa, sent several June 
heetles to Iowa State College for deter- 
mination. The attention of the farmer was 
attracted to a swarm of insects settling 
on the ground; he stopped to investigate 
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tions 


and much to his surprise found the ground 
and plants covered with beetles. Subse- 
quent field examinations revealed many 
pastures in Clark County infested with 
P.. lanceolata. In the more favorable feed- 
ing areas, a population of 15 to 20 beetles 
per square foot was not uncommon. 
Rance.—This insect has been reported 
from New Mexico, Colorado, Texas, 
Oklahoma, Missouri, Kansas, Nebraska, 
South Dakota, Iowa and Illinois. It is 
preponderantly a southwestern species, 
and in Kansas and Oklahoma has been 
an important pest of wheat. The abnor- 
mally low rainfall of southern Lowa begin- 
ning in 1930 may account for the present 
abundance of this beetle, although its in- 
conspicuous coloration may have served’ 
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to delay its discovery and consequent 
control measures against it. 

The females, generally referred to in the 
literature as wingless, have a pair of ab- 
breviated hind wings that are useless for 
flight. The males are much smaller and 
have well-developed flight wings. 

DamMaGeE TO Crops.—Both larval and 
adult stages attack cultivated plants. The 
adult is known to feed upon cobs of corn 
(Cockerell 1895); collards (Howard 1900); 
and clover, alfalfa, wheat and oats (Hayes 
1919). Hayes enumerated 27 different 
plants upon which the adults normally 
feed in the field. Observations in Iowa 
show that the species is a general plant 
feeder. Food plants are listed below, 
those marked with an asterisk having 
been reported by other workers. 


Timothy, Phleum pratense & 

Bluegrass, Poa pratensis L. 

*Corn, Zea mays L. 

Osage orange, Maclura pomifera Raf.) 

Mulberry, Morus alba L. 

Knotweed, Polygonum spp. 

Sheep sorrel, Rumex acetosella L. 

Purslane, Portulaca oleracea a. 

Dewberry, Rubus canadensis L. 

Cinquifoil, Potentilla canadensis L. 

Wild Rose, Rosa pratincola Greene 

*Willow, Salix sp. 

*White clover, Trifolium repens L. 

*Red Clover, 7. pratense L. 

Soybeans, Glycine hispida Maxim. 

Wild morning glory, Conrolvulus sepium 
L.. 

Potato, Solanum tuberosum L. 

Mullin, Verbascum thapsus L. 

Blue vervain, Verbena hastata L. 

Pumpkin, Cucurbita pepo L. 

Snowberry, Symphoricarpos occidentalis 
Hook. 

Compass plant, Silphium laciniatum L. 

Small ragweed, Ambrosia artemisiifolia 
L. 

Greater ragweed, A. trifida L. 

Purple cone flower, Brauneria purpurea 
D.G. 

Artichoke, Helianthus tuberosus L. 

Thistle, Cirsium spp. 

Dandelion, Tararacum officinale Weber 


In pastures, Polygonum aviculare L. 
appeared to be one of the main food plants 
for the adults; it was the most common 
weed in the area where the beetles were 
emerging in large numbers. Two cases of 
moderate to severe damage to soybeans 
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were observed, one being on soybeans 
planted in hills of corn, the other on a 
field of soybeans grown for seed. The 
mixture of corn and soybeans was planted 
in sodland which had been plowed in the 
early spring. Defoliation of the bean 
plants was rather general over the entire 
field, and most severe on the higher 
ground. Injury to the corn was negligible. 
In the exclusive planting of soybeans, 
damage was confined largely to ten or 
twelve rows of the beans nearest a blue- 
grass pasture. 

Grub damage in pastures occurred in 
the higher ground, particularly on hill- 
tops and hillsides. The grass had been re- 
placed by weeds in the scattered areas 
where it had been destroyed by the 
grubs. 

Diurna Hasits.—The adults of Phyl- 
lophaga lanceolata are strictly diurnal. 
Activity begins at daylight when they 
emerge to feed and mate. By 7 in the 
evening, they have usually again secreted 
themselves in the soil. If the day is hot 
and sunny, the beetles start “digging in” 
about 10 o’clock and, by noon, only a few 
may be found above ground. The greatest 
number are visible between 8 and 10 
o'clock in the morning. Adults removed 
from the soil during the day were found 
2 to 6 inches deep. 

SexuaL Activities.—On June 25, at 
8:25 A.M., numerous males were seen fly- 
ing from various directions and suddenly 
alighting on the ground around a female. 
The first male to arrive almost instantly 
succeeded in mating with her. Simultane- 
ously many other males sought females 
which seemed to be giving off a sex- 
attractant. During the next few days 
many similar flights were observed, 
largely between 8:30 and 10:00 a.m. No 
coition was observed before 6:30 nor after 
11:30 a.m. On many occasions, males were 
noted feeding, apparently unconcerned, 
on the same leaf or plant with a female 
until a female extruded her genitalia. 
Immediately males within a radius of 15 
to 20 yards flew toward her. 

During the early morning hours, the 
males fed little but spent most of the time 
clinging to weeds and other vegetation 
with their heads pointed upward, anten- 
nae extended, and the lamellae of the 
antennal club separated. 

Exposure of a smashed female initiated 
flights of males, but produced no visible 
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response from the females. Crushed males 
produced no apparent response from 
either sex. 

The diurnal proclivities of these beetles 
were especially evident on partly cloudy 
days, in increased activity during inter- 
vals of bright sunlight. A female crushed 
and tossed on the ground when the sun 
was obscured by a cloud attracted only a 
few nearby males, but, when the sun re- 
appeared, numerous males became active 
and flew toward the injured female. 

Response TO ARoMATIC CoMPOUNDS.— 
The following compounds were tested to 


Table 1.—The number of eggs dissected from 
10 female Phyllophaga lanceolata collected in 
the field, 1934. 





NUMBER OF NUMBER OF 


BEETLE Eccs BEETLE Ecos 
l 26 6 15 
2 37 7 14 
3 29 8 28 
$ 88 9 25 
5 25 10 36 
Total 373 
Average number of eggs 27.3 





determine whether they would attract 
adults in the field: metyl! salicylate, ethyl 
butyrate, butyl acetate, methyl phenyl 
acetate, saligenin, isoamyl mercaptan, 
vanillyl alcohol, allyl alcohol, piperonal, 
isoamyl alcohol, heptaldehyde, benzalde- 
hyde, anisaldehyde, anisole ethyl ben- 
zoate, ethy] anisate, allantoin, allylamine, 
acetamide, geraniol, eugenol, isoeugenol, 
eugenol methyl ether, oil of wintergreen, 
and isoamylamine. The last named was 
the only one of these compounds that 
proved attractive to the males, and none 
of them seemed to stimulate the females. 
Isoamylamine produced a male response 
similar to that made to crushed or to 
sexually active females. 

The crushed and receptive females ap- 
peared to produce an emanation or odor 
that was rapidly disseminated by air 
movement, as male activity was always 
greater on the leeward side of the female. 
The same type of response was secured 
when isoamylamine was released. When 
there was no breeze, males from all sides 
for a distance of 15 to 20 feet would fly 
toward the point of origin of the attract- 
ant. In a breeze, only male beetles that 
were near (3 to 10 feet away, depending 
upon the velocity of the wind) were at- 
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tracted from the windward side, whereas, 
those on the leeward side would come 
from a distance of 30 to 40 feet. On one 
day, when there was a strong wind, iso- 
amylamine stimulated male beetles to 
activity as far away as 50 to 75 feet, but 
the wind velocity was so great that only 
a few were able to reach the chemical. 

SEASONAL ABUNDANCE.—By the first 
of July the females became more abun- 
dant in the open pastures, whereas the 
males tended to congregate on the taller 
vegetation. The beetles were most numer- 
ous on June 26, they were scarce by July 
3 and by July 24 none could be found 
alive. 

Oviposition.—Ten females dissected 
June 26 contained from 14 to 38 eggs, 
averaging 27.3 each, table 1. As oviposi- 
tion was already in progress, these figures 
may not accurately indicate the maxi- 
mum number of eggs. Hayes (1919) re- 
ported that two isolated females laid 9 
and 15 eggs, respectively. 

Female beetles were caged over soil, 
placed in a screened insectary and the 
eggs counted morning and evening for a 
week. They laid eggs freely throughout 
the 24 hours. A slightly greater number 
of eggs was found in the morning, but 
the difference in the number laid by night 
and by day was not significant, an indica- 
tion that oviposition may be independent 
of the time of day. 

The beetles in one of the cages consist- 
ently produced more eggs than the others 
and it was found that the soil in this in- 
closure was moister than that in the other 
cages. A check on this observation was 
made by experiment. Two thousand 
grams of air-dry soil was placed in each of 
nine battery jars; to one of these no 
moisture was added, while water was 
thoroughly mixed into the soil in the re- 
maining jars to form a series in which each 
successive jar contained 100 grams more 
water. Twenty-five female beetles were 
put in each jar, which was then covered 
with a glass plate to prevent evaporation. 
Food and water were available in each jar 
for the beetles. The experiment was re- 
peated, and in both instances most eggs 
were laid in the soil containing 500 grams 
of water, table 2. 

Each egg was laid loosely in a cavity in 
the center of an irregular ball of soil about 
one-fourth to one-half inch in diameter. 
Several of these balls were usually found 
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Table 2.—Number of eggs laid by 25 Phyl- 
lophaga lanceolata in soils of varying moisture 
content, 1934. 





GRAMS OF NumBer or Ecos Laip 


Water ApDED —— Tora. 
To 2,000 Experiment Experiment NuMBER 





GRAMS OF SOIL No. 1 No. 2 or Eacs 

0 0 0 0 
100 0 0 0 
200 32 15 47 
800 70 64 134 
400 80 86 166 
500 148 128 271 
600 93 114 207 
700 76 84 160 
800 51 6 57 
Total 545 497 1,042 





in a cluster. As the embryo developed, the 
egg increased in size and filled the cavity. 

In the jar with moisture of less than 500 
grams, the eggs were found free in the 
soil, because there was not sufficient 
moisture to form balls. In the soils con- 
taining 700 and 800 grams of water, again 
the balls were not found, as the soil was 
too moist for them to remain separated. 

The egg cells were best developed in the 
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jars to which 500 grams of water had 
been added. Since the greatest number of 
eggs was deposited in these jars, the soil 
in them apparently most nearly ap- 
proached the optimum as to moisture. 
Judging from this experiment it seems 
quite possible that soil moisture may be 
an important factor in causing grubs to 
be “spotted” rather than uniformly dis- 
tributed in a field. 

SumMARY.—Phyllophaga __ lanceolata 
(Say) was found in numbers in southwest 
Iowa for the first time in 1934. Twenty- 
four host plants were added to the list for 
this species. Damage to corn and soy- 
beans by the adults was observed, and to 
blue grass pastures by the larvae. Crushed 
females and the chemical isoamylamine 
strongly attracted the males as also did 
sexually receptive females. Ten females 
contained an average of 27 eggs each, with 
a range of 14 to38. The beetles oviposited 
by day as well as by night. In a series of 
jars each containing 2,000 grams of soil 
moistened with different amounts of 
water, the greatest number of eggs was 
laid in the jars with 500 grams of added 
water.—4-1-39. 
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Migration and Bionomics of White Grubs in Iowa, 
1930-1935 * 


Bennarp V. Travis,t} lowa Agricultural Experiment Station, Ames 


Seasonal migration of white grubs and 
hibernation depths for larval and adult 
Phyllophaga were studied in Iowa (1930- 
1935) to determine when these insects 
would be most vulnerable to mechanical 
control measures. Incidental to these ob- 
servations, data were secured on the 
transformation periods of the grubs, and 
on the depth of pupation of their Tiphia 
and Elis parasites. The records were col- 
lected largely in bluegrass pastures al- 
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though some were from timothy meadows 
and from cornfields. 

Mertuops.—The method of study was 
to remove the soil from plats 2 feet square 
in vertical slices, so that the depth of the 
larvae, adults and parasites could be 
measured. The excavation was extended 
at least 1 foot deeper than where the low- 
est specimen was found. No attempt was 
made to identify the species, although 
future work no doubt will indicate differ- 
ences in the bionomics of the species. The 
Phyllophaga in the Decatur County area 
were largely micans and hirticula, and in 
the Floyd County area hirticula and tris- 
tis. Three-inch running averages were 
used in all of the graphs. 
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Som Typrs.—All data for 1930 to 
1932* were from Decatur County (near 
Leon, Iowa) and for 1933 and 1934 from 
Floyd County (near Charles City, Iowa). 
The soil type in the Decatur County area 
was a dark brown, loose loam, averaging 
6 to 10 inches in depth and changing 
somewhat abruptly into a subsoil of 
yellow, heavy, tenacious and gritty clay. 
The soil of the Floyd County area was a 
dark brown to black silt loam, 10 to 12 
inches deep, passing rather gradually into 
a gray, silty loam and from that at 18 to 
20 inches to a heavy, brown, clay subsoil. 
In the Decatur County tract the impervi- 
ous layer of clay subsoil was not so deep 
and was in general more compact and 
tenacious than in the Floyd County area. 

Fatt MIGRATION AND HIBERNATION. 
McColloch & Hayes (1923) reported two 
complete overturns of soil temperatures 
during the year, that cause the white 
grubs to migrate down in the fall and up 
in the spring. While no soil temperature 
records were kept in the studies here re- 
ported upon, the sudden and compara- 
tively rapid up and down migrations of 
the grubs were observably correlated 
rather closely with variations in air tem- 
perature. 

In 1930, the first hard freeze occurred 
the night of October 15. Three days pre- 
viously, all of the grubs were feeding 1 to 
2 inches under the surface of the ground, 
and by October 17 migration was well 
under way, with grubs at a maximum 
depth of 19, a minimum of 1 and a mean 
of 7.4 inches. The rate of soil penetration 
was thus surprisingly rapid. The migra- 
tion was complete by November 14, 
when the grubs were in hibernation cells 
at the ends of their tunnels. Observations 
indicated that these overwintering cells 
were formed by the larvae pressing the 
soil outwards with their heads and bodies. 
The grubs seldom penetrated more than 
2 or 3 inches into the hard subsoil. Fall 
movement downward from brood A in 
1982 (Decatur County) began October 
23 and was completed by November 17. 
In 1933 (Floyd County) the migration 
began October 30 and was ended by 
November 16. 

In order to investigate further the rate 


* Data for the years 1930-1931 have been previously pub- 
lished in part (Drake, Travis & Collins 1931), but are ab- 
stracted here for comparison with those for the years 1932- 
1935. 
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of migration, larvae collected October 17, 
1930, were liberated in an unplowed field. 
These grubs were placed in 1-foot-square 
plats in four groups, each containing 25 
individuals. They were covered with a 
thin layer of soil to prevent birds from 
molesting them, and were examined at 24- 
hour intervals to determine the depths 
penetrated. The movement was almost 
vertically downward, most of the grubs 
being found in the 1-foot-square area, 
and all within an 18-inch square. Previous 
observations on the rate of migration 
under natural conditions were corrobo- 
rated when this migration appeared com- 
plete by the third day, table 1. 


Table 1.—Rate of grub migration in Iowa, 
1930. 





Depru in INCHES 


Hovrs Minimum Maximum Mean 
24 l 10 5.3 
48 ‘ 15 9.4 
72 2 20 11.9 
96 5 18 11.1 








In 1930 (Decatur County), the maxi- 
mum depth of hibernation under blue- 
grass sod was 22 inches, the minimum 7 
and the mean 14.5; in timothy the maxi- 
mum was 24, the minimum 153 and the 
mean 15.6; and in corn the maximum was 
22, the minimum 10 and the mean 19 
inches. In 19382 (Decatur County) the 
grubs migrated down beneath bluegrass 
sod to a maximum depth of 24 inches, a 
minimum of 9 and a mean of 14.5. In 1933 
(Floyd County) the maximum depth at- 
tained under bluegrass was 30 inches, the 
minimum 9 and the mean 17.9; in corn- 
fields the maximum was 30, the minimum 
1 and the mean 17.5, fig. 1. These data 
indicate that after migration the grubs 
are too deep to be affected by practical 
mechanical control methods; hence the 
middle of October, before winter quar- 
ters have been reached, would be the 
latest that such methods could be sue- 
cessfully used. 

Sprinc Micration.—The upward mi- 
gration in 1931 started between April 7 
and 16, and was completed by May 19. 
In 1933 the movement began between 
April 1 and 9 and was ended by May 10. 
The spring migration of 1934, which 
started between April 27 and May 5, was 
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peculiar in that many of the larvae pu- 
pated in their hibernation cells without 
the usual third year period of feeding. 
Since migration is seldom complete before 
the middle of May, mechanical control 
methods are ineffective before that time. 

In the spring of 1934 (Floyd County) 
all larvae and adults toa depth of 14 inches 
were found dead, having apparently suc- 
cumbed to cold weather. Except in this 
one instance, no Phyllophaga were found 
during the period 1930-1935 whose death 





aa 20. 25 go 35 
DEPTH IN INCHES 


Fic. 1.—Hibernation depths for grubs brood A. 

1930-1931, 280 individuals, mean depth 14.5 inches; 

1931-1932, 62 individuals, mean depth 14.5 inches; 

1933-1934, 373 individuals, mean depth 17.9 inches; 

average mean depth in Iowa of 715 individuals, 
16.0 inches. 


could be attributed to low temperature, 
despite the fact that some larvae over- 
wintered in Decatur County (1930-1931) 
at a depth of only 3 inches. 

Mortality appears to be high among the 
larvae of Phyllophaga. Hayes & McCol- 
loch (1928) report a 68.7 per cent loss in 
grubs collected from fields and kept in 
cages. Table 2 records all individuals of 
brood A (larvae, pupae and adults) found 
in digging the 2-foot-square plats in a 
bluegrass pasture, from April to October, 
1931. Since the larvae appeared to be uni- 
formly distributed over the area, a high 
death rate is indicated. Dead individuals 
unearthed during this period accounted 
for the decrease in the living population. 
It may be observed that the mortality 
shown in table 2 was low during the inter- 
val of upward migration until the pupa- 
tion period, when there was a sharp drop 
in the number of living Phyllophaga per 
plat. 

In Decatur County, farmers claimed 
that their crops had been seriously injured 
2 years out of every 3 from 1919 to 1930, 
inclusive. In the fall of 1930, thousands of 
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Table 2.—Seasonal decrease in a white grub 
population, Iowa, 1931. 








Broop A Per Puiat 











Numper Toran 

Monta Pats Broop A Mean Range 
April 13 278 19.07 15-21 
May 19 286 15.05 10-23 
June 10 179 17.90 15-20 
July 14 71 5.07 3-9 
August 16 71 4.43 2-11 
September 18 83 4.61 1-12 





acres of corn, timothy and bluegrass were 
damaged or destroyed in Decatur and 
adjacent counties. 

There was the expected emergence of 
hordes of June beetles in the spring of 
1932, yet during the next 2 years there 
seemed to be no unusually large infesta- 
tions of grubs in these counties. 

It is known that the beetles oviposited 
and that many of the eggs hatched. At the 
time the beetles were depositing their eggs 
and during the hatching period, however, 
there was a severe drought in the region. 
The newly hatched grubs appeared unable 
to penetrate the dry, hard ground and 
they did not feed, as evidenced by the 
absence of food materials in their di- 
gestive tracts. Shortly after hatching 
many young grubs were found dead and 
desiccated. None of the mortality ap- 
peared due to disease, but instead seemed 
to be a result of the drought. Moisture 
conditions were more favorable in the 
northern and northeastern portions of the 
state, and there the grub populations were 
dense. For the time, Phyllophaga larvae 
practically disappeared from the southern 
droughty affected parts of Iowa. 

TRANSFORMATION.—In 1931 (Decatur 
County), brood A larvae began their 
downward migration between July 1 and 
July 6 preparatory to transformation. The 
first prepupae were observed July 2, and 
the maximum percentage of grubs in this 
stage of development was found August 
1. No prepupae were detected after Sep- 
tember 8. Pupation began July 24, the 
maximum percentage in this stage was 
noted September 1 and the last pupa was 
observed September 19. The first adults 
were seen August 20, fig. 2, the last be- 
tween September 20 and 24. 

As previously stated, the spring migra- 
tion of brood A (1934) was peculiar in 
that many of the overwintering larvae 
did not migrate, but pupated in their hi- 
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bernation cells. Prepupal stages were diffi- 
cult to distinguish from ‘hibernating 
grubs because neither showed food ma- 
terial in the rectum. The softness and the 
opaque-white color of transforming grubs, 
however, were useful criteria for their rec- 
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Fic. 2.—Graph illustrating the transformation 


periods of June beetles in Iowa. 


ognition. In 1934, prepupae_were first 
found June 28, the greatest percentage of 
the grubs in this stage July 12 and the 
last August 24. The first pupa was seen 
July 6, the greatest percentage in this 
stage August 6 and the last September 14, 
fig. 2. 

The maximum depth of pupating larvae 
in 1931 (Decatur County) was 17 inches, 
the minimum 38 and the average 11.5. In 
1934 (Floyd County) the maximum depth 
for pupae was 31 inches, the minimum 2 
and the mean 19.1, fig. 3. A few pupae 
of brood C were found in the fall of 1930 
(Decatur County) and the maximum 
depth for these was 15 inches, the mini- 
mum 5 and the average 11.2. 

The irregularities in the curves for the 
pupation depths for brood A in 1934 may 
be due to the circumstance that many of 
the grubs did not leave their hibernation 
cells before pupation, rather than to the 
small samples. 

Upward migration of adults prepara- 
tory to flight occurred April 3-10, 1931 
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for brood C and March 27—April 1, 1932, 
for brood A in Decatur County. Adults 
move upward in the spring earlier than 
the grubs. Flight usually starts so early 
that the first feeding is on buds before 
the leaves of the host plants have ex- 
panded. 

Criddle (1918) in Canada and McCol- 
loch & Hayes (1923) in Kansas reported 
that certain Phyllaphaga migrate down- 
ward from their pupal cells in winter. No 
Iowa species was observed to do so, the 
vast larval and pupal skins being invari- 
ably found in the hibernation cells. The 
only movement of the adults in the soil 
appeared to be nearly straight upward 
prior to emergence. The insects did not 
burrow deeper even though the winter of 
1933-1934 was so cold in Floyd County 
that all larvae and adults toa depth of 14 
inches were killed. 

Parasite Pupation Deprus.—While 
digging for June beetles, the author col- 
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Fic. 3.—Transformation depths of June beetles. 

Brood C 1930, 25 individuals, mean depth 11.2 

inches; brood A 1931, 169 individuals, mean depth 

11.5 inches; brood A 1934, 226 individuals, mean 

depth 19.1 inches; average mean depth in Iowa of 
420 individuals, 16.6 inches. 


lected 65 pupae of Tiphia and Elis 
parasites in 1930, and 163 in 1931. 
Records concerning the hibernation 


depths of these hymenopterans by Me- 
Colloch, Hayes & Bryson (1928) ob- 
tained from 1920 to 1926, and involving 
103 individuals, revealed cocoons at 
depths ranging from 2 to 23 inches with 
yearly averages varying from 9.9 to 17.2 
inches, the average being 11.1 inches for 
the entire period. 

In 1930 the maximum depth of these 
pupae in Iowa was 16 inches, the mini- 
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mum 1 and the mean 7.3; in 1931 the 
maximum was 17 inches, the minimum 8, 
and the mean 12.3, fig. 4. Irregularities in 
the curve for 1930-1931 and the shallow 
pupation depths are due not only to the 
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Fic. 4.—Pupation depths of Tiphia and Elis para- 

sites in Iowa; 1930-1931, 65 individuals, mean depth 

7.3 inches; 1931-1932, 163 individuals, mean depth 

12.3 inches; average mean depth 228 individuals, 
10.8 inches. 


small numbers represented, but also prob- 
ably to the drought conditions prevailing 
that winter in southern Iowa. 
SumMARY.—In Iowa (1930-1935), the 
first downward movement of white grubs 
for hibernation immediately followed the 
first cold weather in the fall. Downward 
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migration began October 15 to 30 and 
was completed by November 14 to 16. 
Individual grubs collected during the first 
cold weather, October 17, 1930, were able 
to dig in unplowed ground as deep as 20 
inches in 72 hours. 

Hibernation of the grubs occurred at a 
mean depth of 16 inches, and pupation 
and overwintering of the adults at 16.6 
inches. The depths of hibernation and 
pupation were somewhat deeper in Floyd 
than in Decatur County, apparently be- 
cause of the greater depth to the heavy 
clay subsoil in Floyd County rather than 
to climatic or specific differences. 

The upward migration started from 
April 7 to May 5 and was completed May 
10 to 19. Probably because of drought 
conditions in the spring of 1934, all of the 
grubs did not migrate upward to feed in 
the third year, but pupated in their hiber- 
nation cells. 

A study of their life cycle in the field 
showed that the grubs in Iowa ceased 
feeding and migrated downward for trans- 
formation from July 1 to 15. Prepupae 
were found June 28 to August 24; pupae 
from July 6 to September 19; and the 
adults August 4 to 20. Adults overwin- 
tered in the pupal cells and issued from 
the soil March 27 to April 10. 

Tiphia and Elis parasites were found 
pupating at a mean depth of 10.8 inches. 

If mechanical control measures are to 
be attempted, they must be used during 
the period when the grubs are near the 
surface of the soil. The data here pre- 
sented indicate that in Iowa this should 
not be later than the middle of October 
nor earlier than the middle of May.— 
4-1-39. 
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Tue California quarantine proclamation with 
reference to the cotton boll weevil and pink boll- 
worm was modified effective June 16, 1939, to per- 
mit the entry of used bagging, wrappers and con- 
tainers from infested area, subject to treatment or 
processing on arrival, and also the entry of Spanish 
moss that has been processed. 


W. A. McCusstn, who for the past 4 years has 
been in charge of the enforcement of foreign plant 
quarantines and certain domestic plant quarantines 
relating to the shipment of plants and plant prod- 
ucts from Porto Rico to the mainland, was trans- 
ferred to Washington, D. C., on July 6, 1939. Mr. 
McCubbin has been succeeded by W. T. Owrey. 
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Responses of the Silverfish, Lepisma saccharina L., to 
Its Physical Environment* 


Harvey L. Sweetman, Massachusetts State College, Amherst 


The silverfish is a common household 
pest in many parts of the world. This 
insect is nocturnal and for that reason 
frequently becomes numerous before be- 
ing observed. The pest is quick and active 
and when disturbed darts under or behind 
some object or into a crevice. 

Distripution.—Lepisma saccharina L. 
is distributed widely through the humid 
portions of the temperate and tropical 
zones. It can maintain itself in dry por- 
tions of these zones if in a humid environ- 
ment such as exists in basements of 
houses and frequently around water pipes 
and drains. Likewise it may penetrate 
into and maintain itself in cold climates 
if suitable temperature and moisture con- 
ditions are available. Such environments 
commonly exist in human habitations. 

Foop Hasits.—The silverfish com- 
monly is reported as living upon starchy 
materials almost exclusively (Whitmarsh 
1912, Dietz 1912, Marlatt 1915, Mohr 
1923, Morita 1926, McDaniel 1928, 
Gibson & Twinn 1929, Marcovitch 1933, 
Haseman 1935, Reichmuth 1936, Back 
1937, Turner 1937). Frequently they 
attack starched cloth and paper, espe- 
cially glazed types of paper such as are 
used in record books, filing cases and 
books. Sizing used for such papers fre- 
quently contains animal matter, and the 
glue in book bindings is attractive to the 
pests. Garman (1906, 1917) emphasized 
the importance of animal matter (pro- 
tein) in the diet of the pests, and a few 
papers since have repeated this informa- 
tion (Felt 1917, Chapman 1921, Flint 
1922, Mohr 1923, Morita 1926, Davis 
1928). Cereals such as whole wheat flour 
and breakfast cereals are much preferred 
to starch materials. Animal products, 
such as fresh dried beef, are eaten eagerly 
and may be an essential portion of the 
diet. If fed only whole wheat flour or 
Mead’s cereal for about 2 weeks and then 
offered fresh dried beef they eat the latter 
ravenously, fighting among themselves 
for the food. They are cannibalistic and 
eat their own cast skins and dead or in- 


* Contribution from the Entomological Laboratory of Massa- 
chusetts State College, Amherst. 


jured individuals (Garman 1906, Morita 
1926). 

Mernops or Hanpuinc.—The tech- 
nique of handling the silverfish in cages is 
the same as that used with the firebrats 
and was described in an earlier paper 
(Sweetman 1938). 

Eaa Strace.—The eggs of Lepisma 
saccharina are soft and white in color 
when first laid. Shortly after exposure to 
the air the color changes to yellow and 
finally to light brown within a few hours 
(Dietz 1912). Unexposed eggs do not 
become as dark as exposed eggs. The 
eggs at first are fairly plump, but by the 
time the brown color is assumed they are 
likely to be somewhat shriveled. The eggs 
are laid singly or only two or three to- 
gether. A laying female usually deposits 
from one to three eggs per day and may 
deposit on a number of successive days 
or at intervals of several days or even 
weeks. Usually the eggs are hidden in 
crevices or under objects, but occasionally 
are dropped loosely wherever the female 
happens to be (Dietz 1912, Sanborn 1919, 
Back 1931, 1937). The color of the chorion 
is sufficiently dark that the embryos are 
not visible at any time preceding hatch- 
ing. Even when the embryo is fully devel- 
oped the shriveled condition of the 
chorion remains, making it difficult to 
determine if the embryo is alive. 

The eggs were exposed in wide ranges 
of constant temperature and _ relative 
humidity. Eggs hatched at temperatures 
ranging from 22 degrees to 32 degrees C.., 
but the highest percentage hatched at 22 
degrees, the lowest temperature at which 
eggs were exposed. The threshold of de- 
velopment was estimated to be near 15 
degrees. Eggs hatched in moisture envi- 
ronments above 50 per cent relative 
humidity at 22 degrees and 27 degees, 
but only above 75 per cent at 29 degrees 
and 32 degrees. The average incubation 
period varied from 43 days at 22 degrees 
to 19 days at 32 degrees. Back (1931, 
1937), apparently following Morita (1926), 
states that hatching occurs in from 6 to 10 
days in warm weather. This apparent 
response to temperature was not con- 
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firmed by the writer, however. This dif- 
ference along with a number of others 
suggests that Morita either worked with 
a different species or made faulty observa- 
tions. The length of the incubation period 
increased from 1 to 5 days, depending 
upon the temperature when the relative 
humidity was below 75 per cent. 

NyMPHAL StTaGe.—Newly hatched 
nymphs were exposed in wide ranges of 
constant temperature and relative humid- 
ity until maturation. Maturation of the 
nymphs occurred at 22 degrees, 27 de- 
grees, 29 degrees and 32 degrees C. in 
environments with relative humidity 
above 60 per cent. All of the nymphs died 
regardless of the moisture conditions at 
37 degrees and 40 degrees. The greatest 
percentage of development occurred in 
moisture conditions above 75 per cent. 
The percentage maturing dropped consid- 
erably at 32 degrees over that at lower 
temperature. The age at which matura- 
tion occurs IS impossible to determine 
definitely since molting occurs throughout 
life, and the period varies considerably, 
depending upon the temperature. A life 
cycle of 2 to 3 years from egg to adult 
has been attributed generally to this 
insect (Sanborn 1919, Mohr 1923, Back 
1931, 1937), but reproduction in favor- 
able environments may take place when 
the insect is only 3 to 4 months of age. 
Back (1931, 1937), again apparently fol- 
lowing Morita (1926), states that matura- 
tion occurs in 7 to 9 months in tropical 
climates. Growth usually continues long 
after the first reproduction takes place 
and may continue throughout life. 

The newly hatched nymphs are naked, 
milky white in color, and are more plump 
and less active than later instars. Follow- 
ing the first molt the nymphs are more 
slender and much more active. At the 
third molt they become clothed with 
scales. The first instar lasts 2 to 4 days; 
the second 7 to 10 days. Sanborn (1919 
reports that the first molt occurs immedi- 
ately after hatching, but this was not ob- 
served to occur. Later instars in favorable 
conditions last from 2 to 3 weeks. 

ApuLt Stace.—Reproduction of the 
silverfish occurred in environmental tem- 
peratures of 22 degrees, 27 degrees, 29 
degrees and 32 degrees C. About 20 
females with maies were exposed in each 
temperature of the above series. Nearly 
all of the reproduction occurred above 75 
per cent relative humidity and the highest 
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percentage of oviposition took place in 
environments of 84 to 100 per cent. An 
average of approximately 100 eggs was 
laid at 22 degrees and 27 degrees, about 
70 at 29 degrees and 1 at 32 degrees. Back 
(1931, 1937) and Morita (1926) suggest 
that not more than 10 to 12 eggs are laid 
by each female. Temperatures much 
above 32 degrees usually killed the 
nymphs or adults in a few hours. In 
natural environments this insect avoids 
unfavorable conditions and would likely 
escape from any attempts of control by 
temperature. 

The length of life of the adults varies 
considerably in different environments. 
Several of the adults exposed at 22 de- 
grees are still alive and reproducing after 
about 33 years. The majority of individ- 
uals live about 2 years at 27 degrees, al- 
though some attained an age of well over 
3 years. A few lived somewhat over 2 
years at 29 degrees, while about 14 years 
is the maximum at 32 degrees. 

CompPaRIsON WITH THE FiIREBRAT.— 
The silverfish, in contrast with its close 
relative, the firebrat, requires much lower 
temperature and higher moisture condi- 
tions than the latter pest. Its food habits 
are very similar to those of the firebrat. 
The reproductive habits are quite differ- 
ent. While the eggs are hidden in crevices 
and debris where conditions are favorable, 
only one to four eggs are laid at a time or 
on a single day. The firebrat lays a number 
of eggs in a batch, all within a few minutes. 

Conc.usions.—The silverfish is a com- 
mon household pest which feeds on a 
number of foods rich in protein, if avail- 
able, rather than carbohydrates, as 
commonly reported. The insect develops 
and reproduces best at temperatures of 
22 degrees to 27 degrees C. and relative 
humidities of 75 to 97 per cent. It is a 
long-lived insect, frequently attaining an 
age of well over 3 years, yet it may begin 
reproduction when only 3 to 4 months old. 
In favorable environments an average of 
about 100 eggs may be laid. The incuba- 
tion period varies from 3 to 7 weeks at 
temperatures of 22 degrees to 32 degrees. 
The newly hatched nymphs are naked, 
but become clothed with scales at the 
third molt. The silverfish molts through- 
out life and continues to grow throughout 
most if not all of its life. The first instar 
lasts only 2 to 4 days, but after the second 
or third instar molting occurs every 2 or 
3 weeks for the remainder of life.—4-1-39. 
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Experiments Using Several Insecticides With and Without 
Wetting Agents and Stickers for Boll Weevil Control 


C. F. Rarywarter, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


In South Carolina there is definite need 
of a substitute for calcium arsenate in 
control of the boll weevil, Anthonomus 
grandis Boh. There are two reasons for 
this need. The first, and foremost, is the 
fear of growers that soil injury will result 
from applying calcium arsenate to the 
cotton plants, and the second is the in- 
crease in plant lice population which 
usually follow several successive applica- 
tions of calcium arsenate and which fre- 
quently reduces the yield of cotton below 
that produced on untreated plants. The 
evils of calcium arsenate have been widely 
publicized in the newspapers of the state 
and, while statements concerning these 
conditions are not without foundation, 
they are often exaggerated, and as a result 
many farmers are hesitant to use the 
standard recommendations for boll weevil 
control. During 1938 four experiments 
were conducted near Florence, S. C., in an 
effort to find a substitute that would con- 


trol the weevil and at the same time over- 
come the objections to the use of calcium 
arsenate. Each experiment consisted of 
six treatments replicated six times on 
one-twentieth-acre plots arranged in a 
Latin square. The plots in all experiments 
contained eight rows of sufficient length 
to make one-twentieth of an acre. Two 
rows on each side of each plot and 10-foot 
strips at the ends of each plot were left 
untreated. 

Insecticipes Trestep.—The following 
three groups of insecticides were tested: 
(1) Calcium arsenate, which was used in 
each of the four experiments, for compari- 
son with the other insecticides; (2) two 
nicotine compounds, one containing nico- 
tine bentonite and the other nicotine 


bentonite plus nicotine tannate; and (3) 
two cryolite dusts, one a finely ground 
synthetic cryolite containing 90.8 per 
cent of sodium fluoaluminate, of which 
88 per cent of the particles were less than 
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10 microns in diameter, and the other a 
coarsely ground cryolite containing 78.3 
per cent of sodium fluoaluminate, of 
which 35 per cent of the particles were 
larger than 50 microns in diameter. All 
these insecticides were applied as dusts, 
with and without one or more of the fol- 
lowing commercial wetting agents and 
stickers: (1) A sodium salt of an alkylated 
naphthalenesulfonate (Vatsol), (2) a mon- 
osodium sulfonate of butyphenyl phenol 
(Areskep), (3) a sulfonated alkylated 
diphenyl (Aresket), (4) a synthetic liquid 
sticker and spreader (Lethane), (5) a dry 
gum containing a tapioca base. The first 
four of these were thoroughly mixed with 
the insecticides at the rate of 1 per cent 
by weight. The dry gum was mixed at the 
rate of 5 per cent by weight. One treat- 
ment consisted of equal parts by weight 
of calcium arsenate and calcium carbon- 
ate, for comparison with the other five 
insecticides that were tested without 
wetting agents or stickers. 

It should be stated that the dusting 
qualities of both eryolites were extremely 
poor. The coarse cryolite was entirely too 
coarse, causing an excessive amount to 
be applied with very little coverage. It 
was almost impossible to apply the fine 
cryolite with a rotary hand duster, the 
dust coming out in spurts and frequently 
flaking. The addition of wetting agents 
and stickers in the quantities stated 
remedied this difficulty somewhat, but 
the cryolite still had a tendency to flake. 
None of the wetting agents and stickers 
tested had any marked effect on the dust- 
ing qualities of calcium arsenate or the 
nicotine compounds. 

Meruop or Ostaintnc Data.—In an 
effort to obtain a reliable sample of the 
percentage of infested cotton squares, the 
following procedure was used for each ex- 
periment: All the squares large enough for 
oviposition on the plants in the tenth hill 
of each of the four middle rows were 
examined and the number of squares and 
the number of punctured squares re- 
corded. The counts were made at 3- to 
6-day intervals throughout the season, 
but only those made after the first poison 
application in each experiment were used 
in the seasonal averages. The total 
number of living and the total number of 
dead weevils were recorded for each plot. 

The white blooms on the six middle 
rows of each plot were counted at 1- to 
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6-day intervals throughout the blooming 
period. The bolls and the plants in the 
four middle rows of each plot were 
counted at the end of the fruiting period. 
The seed cotton produced on 50 feet in 
the middle of the six middle rows in each 
plot was picked and weighed. 

Resutts.—The data from these experi- 
ments are summarized in table 1. 

Discussion or Data.—From table 1 
it is seen that the only consistent criterion 
is the average seasonal infestation, as 
highly significant differences are generally 
shown between the same treatments in 
ach experiment. This is therefore the 
most reliable criterion in determining the 
effect of the insecticides on the boll weevil. 
The bloom counts also gave a good indica- 
tion as to the comparative effectiveness of 
the insecticides. In experiments 1 and 2 
the cotton had not reached the peak of 
fruiting when dusting began and it con- 
tinued to fruit until late in the season. In 
experiments 3 and 4 the cotton was past 
the peak of fruiting when the first poison 
application was made. Consequently in 
experiments 1 and 2 there were about 
twice as many counts as in experiments 3 
and 4, and a statistical difference between 
treatments can be shown. The numbers of 
living and dead boll weevils, although not 
lending themselves to statistical analysis, 
nevertheless give some indication as to 
the relative value of the insecticides. 

Boll counts and yield records may or 
may not be reliable criteria in determining 
the relative values of the insecticides, 
these depending primarily on the effect 
of the insecticides in building up aphid 
infestation to an injurious extent. In ex- 
periment 2, for example, the average 
seasonal infestation and bloom counts 
show a 99-to-1 significance favoring cal- 
cium arsenate over the nicotine com- 
pounds, yet the yield records fail to show 
any significant difference between treat- 
ments. The boll counts show only a 
19-to-1 significance. A heavy aphid infes- 
tation developed in the plots that re- 
ceived the calcium arsenate treatments, 
“ausing practically all the lower leaves 
and much of the fruit to fall, whereas 
there were practically no aphids in any of 
the plots dusted with the nicotone com- 
pounds. In experiments 3 and 4 the plots 
treated with calcium arsenate and the 
fine cryolite also developed heavy aphid 
infestations, whereas those treated with 
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Table 1.—Summary of experiments using insecticides, with and without wetting agents, against 


the boll weevil, Florence, S. C., 1938. 





AVERAGE 
NumMBeror AVERAGE 


AVERAGE 
P ris Y 7 
OUNDS OF SEASONAL 1eELD OF | AVERAGE 


Porat NUMBER oF 
AVERAGE AVERAGE “ 
: , Weevits Per Prior 











Insecti- | Inresta- (Seep Cot-| Noumper NuMBER NUMBER 
cipe Per tion Per § Ton Per or or Botts) oor Botts 
Acre Ap-  Pror, Per Por, BLooms Per Per 
INSECTICIDE PLICATION CENT Pounps | Per Prior Pot PLANT Live Dead 
Experiment 1 
11 appli- |(15 counts 16 counts) 15 (15 
cations) counts) | counts) 
Calcium arsenate 9.2 8.40 19.87 1,117 1,713 4.60 136 35 
Nicotine bentonite 15.1 18.32 13.57 662 1,106 3.59 175 2 
Nicotine bentonite-tannate 11.3 20.00 14.00 587 1,195 3.73 172 0 
Fine cryolite 11.3 13.92 17.58 879 1,515 $.48 169 0 
Coarse cryolite 22.0 14.79 14.47 732 1, 223 3. 56 158 ; 
Calcium arsenate—calcium carbonate 9.8 10.97 19.30 1,044 1,680 4.91 170 l 
Minimum significant difference 
For 5 per cent probability 4.82 3.34 205 212 
For 1 per cent probability 6.57 $.55 279 4a3)) 
Experiment 2 
9 appli 7 counts 17 counts 7 counts) (7 counts 
Calcium arsenate 10.7 12.60 27. 23 1,810 2, 685 5.54 183 $4 
Nicotine bentonite 16.5 29.23 26.38 1,004 2,273 +. 45 226 ‘ 
Nicotine bentonite—tannate 12.3 32.70 23.55 27 1,861 $9 01 ; 
Calcium arsenate plus* 10.0 11.85 28.25 1,751 2,951 6.24 170 3 
Nicotine bentonite plus* 9.4 28.32 24.73 1,046 2,112 4.36 227 ‘ 
Nicotine bentonite-tannate plust 10.4 33.05 25.05 918 2,272 4.7 291 2 
Minimum significant difference 
For 5 per cent probability - 5.16 9.30 366 635 
For 1 per cent probability 7.03 12.70 500 866 
Ez} t 3 
7 appl 8 counts 9 counts 8 ints) (8 counts 
cations 
Calcium arsenate 12.0 16.78 17.22 $86 1,500 5. 64 " 22 
Calcium arsenate plus} 12.1 16.33 18.72 564 1,696 85 9 23 
Fine cryolite 13.9 22.17 16.07 439 1, 406 3. 52 151 ‘ 
Fine cryolitet 11.1 17.68 14.12 343 1,348 3.28 74 " 
Coarse cryolite 24.0 25.17 3. 59 $52 1,215 16 129 2 
Coarse cryolite plust 27.7 23. 57 14.40 $04 1,312 18 151 f 
Minimum significant difference 
or 5 per cent probability 82 4.21 183 417 
For 1 per cent probability 5.21 5.74 249 482 
Ez] ent 4 
7 appli 7 counts ’ ints ts) (7 ints 
ations 
Calcium arsenate 10.1 l¢ 3. 98 463 1,350 +. 00 117 19 
Calcium arsenate plus§ 10.8 13.92 2.88 416 l 4 +.19 mY 0) 
Nicotine bentonite—tannate 11.7 22.20 1.75 402 1.150 “i } , 
Nicotine bentonite—-tannate plus** 11.4 23.37 1.15 357 1.108 ‘4 
Fine cryolite 13.1 19.68 2.15 $18 1,244 ) . 
Fine cryolite plus§ 11.8 21.30 10.68 I76 1. 166 9 
Minimum significant difference 
or 5 per cent probability $.45 2.02 79.4 155 
For 1 per cent probability 6.07 2.76 108.2 211 
* Sulfonated alkylated dipheny! (Aresket § Sodium salt of an alkvlated napht enesulfonate (1 
+t Monosodium sulfonate of butyphenol phenol ( Areskes ** Dry gum containing a tapioca bas 


} Synthetic commercial liquid sticker and spreader (Lethane 


the coarse cryolite developed only me- 
dium aphid infestations and those dusted 
with nicotine had practically no aphids. 
In experiment 1 the aphid infestation was 
kept down by dusting the 36 plots twice 
with aphicides, once with 2 per cent 
nicotine sulfate and once with 1 per cent 
rotenone. As a result, a 99-to-1 signifi- 
cance between treatments is shown for 
both boll counts and yield records in this 
experiment, whereas such a highly sig- 
nificant difference is not shown for these 
data in the other three experiments. 


SUMMARY AND ConcLusions.—Experi- 
ments against the boll weevil were con- 
ducted at Florence, S. C., in which several 
insecticides were used both alone and in 
combination with different commercial 
wetting agents and stickers. These in- 
secticides consisted of calcium arsenate; 
two nicotine compounds, one containing 
nicotine bentonite and the other nicotine 
bentonite plus nicotine tannate; two eryo- 
lite dusts, one a finely ground synthetic 
eryolite containing 90.8 per cent of so- 
dium fluoaluminate and the other a 
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coarsely ground cryolite containing 78.3 
per cent of sodium fluoaluminate; and a 
mixture of calcium arsenate and calcium 
carbonate, which was not combined with 
a sticker or spreader. 

Statistical studies of the data showed 
that none of the wetting agents and 
stickers increased the effectiveness of the 
valcium arsenate or the nicotine com- 
pounds. A synthetic liquid sticker and 
spreader (Lethane) increased the effec- 
tiveness of the fine cryolite and made it 
comparable to calcium arsenate. Calcium 
arsenate, used alone or in combination 
with stickers and spreaders, and the fine 
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eryolite were superior to the nicotine 
compounds, with or without stickers and 
spreaders. The nicotine compounds gave 
very little, if any, control. No significant 
difference occurred between calcium ar- 
senate and the calcium arsenate—calcium 
carbonate mixture. From these studies 
and from general observations made 
throughout the season it appears that 
cryolite might be developed into a satis- 
factory substitute for calcium arsenate 
in boll weevil control, provided that its 
dusting qualities are good and that the 
percentage of sodium fluoaluminate is 
high.—4-1-39. 


A New Method* of Impregnating Green Fence Posts: 
A Preliminary Report 


W. C. Nerties,t Clemson, S. C. 


A new method of treating non-durable 
green pine posts with water-soluble pre- 
servatives to make them resist attacks of 
insects and decays was developed at 
Clemson College during January, 1938. 
It is probable that it will be called the 
trough method of fence post treatment. 
It is neither complicated nor expensive 
and its use is expected to supplement 
materially the present serious shortage of 
fence post timber. 

The idea of injecting water-soluble 
preservative chemicals into green wood is 
not new, as the method was widely used 
in Europe during the past century. Other 
methods of treating green posts with 
water-soluble preservatives have been 
tested by the U. S. Department of Agri- 
culture, Forest Products Laboratory 
(Hunt & Wirka 1938) and Bureau 
of Entomology and Plant Quarantine 
(Craighead et al. 1937). 

While sufficient time to test the effi- 
ciency of the trough method has not 
elapsed, preliminary observations indi- 
cate its merit. This preliminary report is 
made in the hope that interested investi- 
gators will test the method with various 
species of wood and with other preserva- 

* E. C. Turner, Jr., extension conservationist, suggested the 
method and accompanied the writer on a visit to the Forest 
Experiment Station near Asheville, N. C., where B. H. Wilford 
of the Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture, showed one tree treated in similar 
manner, which gave impetus to development. Raymond Reed 
of the Physics Department of Clemson College ran some experi- 


ments which indicate the merit of the method. 
t Extension Entomologist. 


tives, because much experimental work 
is still needed. 

How To Treat.—The following outline 
is given to show the procedure which was 
used in treating by the trough method 
and by which satisfactory impregnation 
with copper sulfate was secured on sev- 
eral hundred posts. (In some instances 
zine chloride, which was used on a few 
posts, did not appear to give as uniform 
penetration as copper sulfate.) 

Essential Steps.—1. See section on How 
to Prepare and Compute the Amount of 
Solution. 2. Cut out 6-foot posts of green 
loblolly, short leaf or slash pine. 3. Im- 
mediately immerse top end in trough for 
3 hours. 4. Saw off 1-inch disk to remove 
resinous material from basal end. 5. Place 
basal end of posts in solution. 6. As soon 
as solution is absorbed (24 to 48 hours) 
remove post from trough and reverse 
ends. 7. Stand up for from 2 to 4 weeks, 
and preferably until thoroughly seasoned. 

Materials and Equipment.—1. Green 
pine posts, freshly cut. 2. Bluestone or 
zine chloride. 3. Trough or half of wooden 
barrel. 4. Container for stock solution, 
either wooden, glass, or earthenware if 
copper sulfate is to be used. 

How to Prepare and Compute Amount 
of Solution—Dissolve chemical at rate 
of 2 pounds to each gallon of water. In- 
ject solution into posts at rate of three- 
quarters pound to each cubic foot of 
wood. Table 1 will prove helpful in 
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Table 1.—Amount to treat 6-foot post, three-fourths pound per cubic foot. 





APPROXIMATE APPROXIMATE Cost 1x CENTS 


DIAMETER Cust Amount Per Amount Per aT 8 CENTS 
INCHES FEET Post, Pints Post, OUNCES Per Pounp 
3 0.29 1.0 $.5 2.0 
0.52 1.75 7.0 3.5 
5 0.81 2.5 9.8 5.0 
6 1.10 3.5 14.1 7.0 





computing amounts for a given lot of durable woods such as sap pine from in- 
posts. sects and decays. Further experimental 
Example.—Assume a trough holding 12 work on trough method is needed, as fol- 
posts of following average diameters: lows: 1. preventing possible corrosion to 
four with 6-inch diameters; four with metal fasteners; 2. use of zine chloride 
5-inch diameters; two with 4-inch di- by trough method. However, service 
ameters; two with 3-inch diameters; table tests by the Bureau of Entomology and 
2 indicates amount of solution required. Plant Quarantine at the Forest Products 
Laboratory where posts were treated with 
water-soluble preservatives by other 
; methods indicate a greatly prolonged 
me Suenos Piwts Toran Pixts fence post life. The South Carolina Exten- 
or Posts Diameters Per Post Sorvrion sion Service is demonstrating the methods 
of post treatment developed by the fore- 


Table 2.—Amounts of solution required to treat 
fence posts of various diameters. 





; . : 2 ~ : going research agencies, and some inter- 
, ~2 . 
@ 5 1.75 35 ested farmers are treating posts by the 
2 3 1.0 2.0 trough method and placing them in their 
rege fence rows for purposes of comparison. 
90 5 . 
m.6 Records will be kept on the results of 





these demonstrations and from time to 

Conc iusions.—The trough method of — time additional reports on the length of 
fence post treatment is a new develop- life of these posts will be made available 
ment; however, it seems to offer promise to South Carolina farmers and to inter- 
of solving the problem of preserving non-_ ested scientific workers.—4-1-39. 
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The Use of Phenothiazine in the Medication of Cattle 
for the Control of Horn Flies 


W. G. Bruce, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantin 


The internal medication of cattle for approximately 0.1 gram per kilogram of 
the purpose of rendering their droppings body weight, prevented the development 
unsuitable for the development of larvae _ of horn fly larvae in droppings eliminated 
of the horn fly, Haematobia irritans (L.), by such animals. 
was first attempted by Gallagher (1928), Experiments were made in 1938 to de- 
who made some unsuccessful experiments termine the value of selected chemicals, 
in 1928. His method was to place various including phenothiazine, when adminis- 
substances in the drinking water of cattle. tered to cattle ria the mouth, in pre- 

Knipling (1938) found that phenothia- venting the development of horn fly 
zine, administered to cattle at the rate of larvae in the droppings and to ascertain 
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the minimum lethal dose of promising 
chemicals. This paper deals only with 
experiments with phenothiazine. 

ProcepuRE.—The experimental ani- 
mals were confined in a screened building 
where they were fed a ration of bran and 
hay. After the cattle had been given dry 
feed for 2 days they were fed phenothia- 
zine mixed with bran. A sample of the 
droppings was collected within 3 hours 
prior to medication and at approximately 
$-hour and 16-hour intervals after medi- 
‘ation for as many days as the test was 
in progress. The droppings collected be- 
fore medication served as a check. Ap- 
proximately 300 grams of the droppings, 
infested with 50 or 100 horn fly eggs, were 
placed on 800 grams of moist sand in a 
pan. The smaller number of eggs was used 
in most of the tests because the quantity 
of the droppings from yearling cattle was 
often insufficient to mature 100 larvae. 
The droppings from each animal were 
kept in individual screen cages in the 
insectary. 

Resutts.—The fact that 96 per cent 
of all eggs hatched indicates the absence 
of ovicidal qualities in phenothiazine. 

The dose of phenothiazine for the nine 
animals tested ranged from 5.6 to 100 
milligrams per kilogram of body weight 
(0.25 gram to 4.5 grams per hundred- 
weight). The minimum dose necessary to 
prevent the development of larvae in the 
manure was 22 milligrams per kilogram 
(1 gram per hundredweight). Eight 
doses of 3 grams each (1 gram per hun- 
dredweight) administered at daily inter- 
vals to a 300-pound heifer was 100 per 
cent effective for 8 days beginning about 
12 hours after the administration of the 
first dose and 90 per cent effective on the 
ninth day, but gave no appreciable con- 
trol thereafter. Six doses of 2.5 grams 
each (1 gram per hundredweight) ad- 
ministered at 48-hour intervals to a 250- 
pound steer was 100 per cent effective 
the day following medication, but gave 
practically no control the next day. It is 
apparent from these two tests that a dose 
of 22 milligrams per kilogram was ef- 
fective in preventing the development of 
horn fly larvae for approximately 24 
hours. 

Doses in excess of 22 milligrams per 
kilogram were not only unnecessary to 
prevent temporarily the development of 
horn flies in manure, but they caused 
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certain physiological disturbances as 
manifest in a loss of appetite and the 
general appearance of the animal. Small- 
er doses were insufficient to give 100 per 
cent control. A single dose of 29 grams 
(4.5 grams per hundredweight) admini- 
stered to a 650-pound heifer was 100 
per cent effective for approximately 55 
hours in preventing the development of 
horn fly larvae in the droppings. In this 
vase 6 per cent of the larvae developed 
in droppings voided 15 hours after medi- 
vation and 47 per cent in droppings 
voided 74 hours after medication. Seven 
doses of 5 grams each (2.2 grams per 
hundredweight) administered at daily 
intervals to a 225-pound steer were ef- 
fective from 16 hours after the initial 
dose until 49 hours after the last dose. In 
two tests with doses of 4.5 grams per 
hundredweight and two tests with doses 
of 2.2 grams per hundredweight the ani- 
mals detected the presence of phenothia- 
zine and did not take readily to the feed. 
Furthermore, a loss of appetite was evi- 
dent the day following medication and 
persisted for 2 days after the last dose. 
The poor condition of all four animals was 
indicated by their rough hair, arched 
back, dull eyes and general haggard 
appearance. 

TREATMENT OF FEcEs.—To determine 
the quantity of phenothiazine necessary 
to render cattle feces toxic to horn fly 
larvae, when the chemical is mixed di- 
rectly with the feces, 24 tests were made 
in which 0.6 milligram to 50 milligrams 
per 100 grams of feces was used. The 
method used was to mix 300 grams with 
an electric mixer for 5 minutes, add the 
phenothiazine and mix for another 10 
minutes. The check samples were simi- 
larly mixed for 15 minutes. Each 300- 
gram sample of feces was infested with 
100 horn fly eggs and placed on moist 
sand in an individual screen cage. The 
average hatch of eggs in this series of 
tests was 98 per cent. The minimum 
lethal dose of phenothiazine was 4 milli- 
grams per 100 grams of feces. Thirteen 
tests with 4 milligrams or more per 100 
grams of feces gave 100 per cent control. 
Some larvae developed in each sample of 
feces containing phenothiazine in the 
amount of 3 milligrams or less per 100 
grams. 

SumMARY.—Experiments were con- 
ducted to determine the value of pheno- 
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thiazine in preventing the development 
of horn fly, Haematobia irritans (L.), 
larvae in cattle droppings. When various 
quantities of the chemical mixed with 
bran were fed to cattle, the minimum 
dose that killed all the horn fly larvae 
was 22 milligrams per kilogram of body 
weight of the animal. This dose rendered 
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the manure unfavorable for the develop- 
ment of horn fly larvae for approximately 
24 hours, beginning 12 hours after ad- 
ministration. When phenothiazine was 
mixed directly with the droppings, the 
minimum lethal dose was 4 milligrams 
for each 100 grams of the droppings.— 
4-1-39. 
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Poisoned-Bait Tests 


Bernarp V. Travis, U. 


Field experiments (Travis 1938a) have 
indicated that the fire ant, Solenopsis 
geminata (F.), detects the presence of 
common insecticides in poisoned baits. 
Other than the report by Clark (1931) 
that thallium sulfate was effective for the 
control of these insects in Texas, and the 
observations made by Wolcott (1937) on 
the partial effectiveness of thallium salts 
for the control of certain species of ants 
in coffee groves in Porto Rico, the little 
information available in the literature on 
the use of stomach poisons (Mallis 1938, 
Travis 1938b, 1938c) merely points out 
that poisoned baits are not satisfactory 
for the control of the fire ant. Cage and 
field tests were therefore undertaken near 
Tallahassee, Fla., to ascertain which in- 
secticides could be used, and what con- 
centrations of each would be lethal. 

The ants for the cage tests were col- 
lected with an aspirator from large active 
colonies and were placed in plaster formi- 
caries. No more than 3 hours elapsed from 
the time they were taken from the nests 
until they were offered poisoned baits. An 
indication of the acceptability of these 
baits was obtained by counting the ants 
feeding on them at 5-minute intervals for 
the first hour after they were offered. 

In the field the baits were placed either 
in or on the colony mound. Dry materials 

* Several of the insecticides were kindly supplied by the 
Division of Insecticide Investigations of the Bureau of En- 
tomology and Plant Quarantine, U. S. Department of Agricul- 
ture. The ants were determined by M. R. Smith of the Division 


of tery Identification of the same Bureau. The managers of 
Forshala and Horseshoe Plantations, and H. L. Stoddard and 


Komarek of the Cooperative Quail Study Association, 
also cooperated in these studies 


Against the Fire 
Reference to Thallium Sulfate and Thallium 


S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


With Special 
Acetate* 


Ant, 


were sprinkled on the mound, liquids 
were offered in the ant nests in aluminum 
poison cups, and in a few tests sirup baits 
were soaked in sawdust and sprinkled 
on the mounds. The treated colonies 
were under observation approximately 3 
months after being offered the baits, or 
until there was no ant activity. These 
nests were excavated at the completion 
of the experiment, or previously if the 
colony became inactive, to determine if 
the ants had moved or had died. The 
baits were offered to colonies usually in 
the spring, although most of the tests 
with thallous salts were conducted dur- 
ing the summer months. 

Cace Tests with THALLOUS SaLts. 
Baits, composed of cane sirup, water and 
sugar, in a ratio of 1:10:10, were made 
up with various concentrations (by 
weight) of thallium sulfate or thallium 
acetate.f Tartaric acid (0.6 per cent) 
and sodium benzoate (0.9 per cent) were 
added as preservatives to many of the 
baits in both cage and field tests. Two 
sets of controls accompanied each treat- 
ment; one with no food and the other 
with unpoisoned bait. Each poisoned bait 
and control was tested in quadruplicate 
with 25 ants in each formicary. At the 
end of 48 hours the cages were cleaned 
and untreated sirup was placed in each. 
The same controls were used for both salts 
as they were tested concurrently. Three 


t Thallous sulfate and thallous acetate were used in these 
tests, but since they are sold commercially as thallium sulfate 
and thallium acetate, they wil] be referred to as such in this 


paper 
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replicate tests were run for each concen- 
tration, at different seasons. 

The temperature for these experiments 
was maintained at 24+0.5 degrees C. 
The ants were counted at 48-hour inter- 
vals for 288 hours to determine the num- 
bers dead and alive. Individuals that did 
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dissolved with difficulty in sirup baits. 
With the 2 per cent solution some of the 
salt precipitated at 24 degrees C. The 
mean percentage of ants that fed on these 
baits was about the same for all concen- 
trations, table 1, and was slightly higher 
for those to which no preservatives were 


Table 1.—Mortality of fire ants 288 hours after feeding on thallium sulfate baits, with and without 


a preservative, and percentage of ants that fed during the first hour, 1937-1938.* 














Barr Wirnout Preservative 


Mean Per Cent 


Bart With PRESERVATIVE 





Per Cent Mean Per Cent 
INSECTICIDE Per Cent Feeding First Per Cent Feeding First 

in Bart Dead Hour Dead Hour 

100.0 24.9 99.0 10.0 

soe 83.0 3.1 86.0 3.3 

; 88.0 3.1 53.0 0.5 

|Av. 90.3 10.4 79.3 4.6 

86.0 9.5 100.0 9.9 

1.50 92.0 16.8 75.0 1.9 

_ 72.0 2.8 75.0 0.9 

\Av. 83.3 9.7 83.3 4.3 

( 98.0 15.8 100.0 14.8 

1.00 93.0 14.8 50.0 $.% 

68.0 1.6 43.0 1.0 

Av. 86.3 10.7 64.3 6.0 

94.0 18.7 100.0 4.1 

0.75 76.0 11.5 42.0 $8.1 

1 55.0 3.3 33.0 2.2 

\Av. 75.0 11.2 58.3 $.1 

98.0 24.0 8.0 14.3 

0.50 ) 78.0 14.7 15.0 4.7 

60.0 4.8 7.0 1.2 

\Av. 78.7 14.5 43.3 6.7 

( 96 .{ 24. 97.0 11.7 

0.95 j 57.0 14.1 3.0 0.8 

' ) 5. 4.0 12.0 0.5 

\Av. 59.3 14.1 $7.3 4.3 

f 88.0 24.9 88.0 9.5 

‘ 16.0 4.5 1.0 3.9 
0.125 | = ¢ 

7.0 4. 9.0 0.8 

Av. 37.0 13.3 32.7 4.7 








* The data for the controls are given in table 2 


not move when touched were considered 
dead and were removed to prevent the 
other ants from eating them. 

Some preliminary tests had been made 
with thallium compounds along with a 
number of other insecticides, and for 
comparative purposes the results of these 
tests are included with those for miscel- 
laneous insecticides. 

Thallium sulfate was tested in seven 
concentrations ranging from 2.0 to 0.125 
per cent. The higher concentrations were 


added, and lower for those with the pre- 
servatives, than on the untreated sirup 
used as a control (see table 2). 

The mortality at the end of 288 hours 
for the ants offered the 2.0, 1.5 and 1.0 
per cent baits, both with and without the 
preservatives was about the same, but 
the addition of preservatives considerably 
lowered the results for the baits of lower 
insecticide content. These tests indicate 
that the concentration of thallium sulfate 
would need to be at least 1.0 per cent to 


eee 
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obtain kills of 86 per cent or more when 
the bait offered fire ants in cages, 
fig. 1. 

Thallium acetate, which was tested in 
four concentrations from 4.0 to 0.5 per 
cent, was readily soluble up to at least 4 
per cent in the sirup baits. The ants fed 
more freely, table 2, on the food poisoned 
with the acetate salt than on untreated 


is 
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they were incapable of locomotion for as 
long as 72 hours previous to death. Thal- 
lium salts appeared to affect the leg 
muscles, and poisoned ants could be seen 
lying straightened out in the cages with 
their legs held close to their bodies. When 
touched they would double up, but usu- 
ally would not move their appendages. It 
was common for the ants to die with their 


Table 2.—Mortality of fire ants 288 hours after feeding on thallium acetate baits, with and without 
a preservative, and percentage of ants that fed during the first hour, 1937-1938. 





Barr Wrrnout PRESERVATIVE 


Per CENT 


INSECTICIDE Per Cent 


Mean Per Cent 
Feeding First 


Bart With PRESERVATIVE 


Mean Per Cent 


Per Cent Feeding First 





In Balt Dead Hour Dead Hour 
100.0 19.3 100.0 16.7 
se 86.0 6.0 81.0 $3.8 
P 76.0 Fe 82.0 1.5 
87.3 9.0 87 .7 41.3 
100.0 25.1 100.0 5.3 
3 89.0 8.4 83.0 3.1 
. 90.0 1.2 92.0 1.1 
Av. 93.0 11.6 91.7 3.2 
100.0 32.6 77.0 6.8 
@ 99.0 15.8 81.0 3.2 
81.0 3.6 75.0 2.3 
Av. 93.3 17.3 wees +.1 
100.0 13.6 100.0 18.1 
1 80.0 8.0 55.0 i 
64.0 4.1 50.0 2.4 
Av. 81.3 8.6 68.3 7.8 
91.0 18.4 
. 40.0 7.4 
0.5 39.0 3.1 
tAv. 56.7 9.6 
0.0 5.1 
: 1.0 13.8 
Control fed 20 70 
Av. 1.0 8.6 
20.0 
Control not fed 1.0 
first 48 hours +.0 
Av. 8.3 
sirup. Baits to which the preservatives mandibles closed tightly on the wet 


were added were much less attractive 
than those without preservatives. These 
data indicate that a concentration of at 
least 2 per cent is necessary to produce a 
mortality of approximately 85 per cent 
or over in cage tests, table 2 and fig. 2. 
Many of the ants became sluggish and 
many could be seen staggering helplessly 
around in the cages within 24 hours after 
feeding on the thallium baits. Frequently 


sponge provided for moisture. These re- 
actions, which were more evident for the 
acetate than for the sulfate salts, were 
seldom symptoms of poisoning from other 
insecticides. 

Cace Tests With MIsceELLANEOUS 
Insecticipes.—The tests with miscel- 
laneous insecticides were conducted at air 
temperatures. Since it was the aim to 
determine the minimum amount of an 
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insecticide that would be effective, the 
poisoned baits usually remained in the 
cages during the entire experiment. 
Candies, sirup-agar gels, peanut and olive 
oils, and corn meal were used as food 
materials. 

Several concentrations of sodium sali- 
cylate and sodium fluoride in cane sirup 
were offered to caged ants for 48, 96 or 
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sirup-agar gel were lower for the 6, 4, 2 
and 1 per cent and only slightly higher 
for the 10 and 8 per cent baits after 192 
hours than in the fed controls. 

The mortality of ants offered mercur- 
ous chloride (6, 4, 2 and 1 per cent) and 
barium carbonate (8 per cent) in brown 
sugar sirup candy was only slightly 
greater after 288 hours than for that of 





CNF 
CF 








0 144 192 


240 288 48 96 144 





192 240 288 


HOURS AFTER TREATMENT 
Fic. 1.—Percentages of ants dead at 48-hour intervals after being offered sirup baits containing: A, thallium 
sulfate; B, thallium sulfate to which preservatives were added. CF, control fed; CNF, control not fed first 
48 hours. 1937-1938. 


288 hours to determine the effectiveness 
of these different exposures, and the per- 
centages of each group dead at the end 
of 288 hours were determined. Fresh 
untreated food was placed in the cages 
after the first two intervals. The ants fed 
freely for the first 15 minutes, but after 
that time few accepted the baits. More 
fed on the sodium fluoride than on the 
sodium salicylate baits, table 3. These 
data indicate that neither sodium salicy- 
late nor sodium fluoride was effective. 
The percentages of dead ants in cages 
supplied with lead arsenate in a cane 


controls receiving food. The candy baits 
were not practical, because they readily 
absorbed water, and the ants sucked up 
the sirup and avoided the insoluble 
compounds. 

Arsenic trioxide, zine arsenate, manga- 
nese arsenate, calcium arsenate (all at 
concentrations of 15, 10, 5, 2 and 1 per 
cent), and magnesium arsenate (15, 10, 
5 and 1 per cent) were mixed with corn 
meal moistened with olive oil and cane 
sirup. The ants fed so freely that their 
abdomens were distended; yet at the end 
of 288 hours, except in ants fed the ar- 
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senic trioxide baits, the mortality was not 
significantly greater than in controls re- 
ceiving food. The mortality in ants fed 
the arsenic trioxide baits was only slightly 
more than in the controls that were fed. 

The only explanation that can be 
offered for these low mortalities is that 
the ants sucked out the sirup and olive 
oil and did not consume the corn meal 
with its coating of insecticide. Observa- 
tions during the cage experiments and 
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The ants fed very freely on thallium 
acetate baits placed in undiluted cane 
sirup. The mortalities for the ants offered 
the 2.0, 1.0, 0.5, 0.2 and 0.1 per cent 
baits at the end of 288 hours were, re- 
spectively 92, 29, 18, 22 and 8 per cent, 
and in the control that was fed the mor- 
tality was only 2 per cent. 

The ants fed very sparingly on baits 
containing dioxane (5 per cent), 4,6-dini- 
tro-orthocresol (saturated), and 4,6-dini- 





CNF 
D CF 
144 192 240 288 


HOURS AFTER TREATMENT 


Fic. 2.—Percentage of ants dead at 48-hour intervals after being offered sirup baits containing: (, thallium 
acetate; D, thallium acetate to which preservatives were added. CF, control fed; CNF, control not fed first 
48 hours. 1937-1938. 


also in the field indicate that fire ants 
seldom, if ever, consume solid foods. This 
habit has prevented an accurate test of 
insoluble insecticides. 

A number of ants fed on a proprietary 
sample said to contain 0.37 per cent of 
thallium sulfate and on a sirup-olive oil 
emulsion bait with sodium fluoride (3 per 
cent); only a few fed on the same emul- 
sion with sodium salicylate (3 per cent). 
Mortality in each case was so low that 
no toxic effects could be noted. 


tro-orthocresol acetate (1.1 per cent) 
dissolved in refined peanut oil. Since the 
dinitro compounds were caustic to the 
skin of the investigator, it is thought that 
the high mortality with these materials 
was due to contact action. The percent- 
age of dead ants in the cages supplied with 
dioxane was less than in the controls. 
The following insecticides were not 
readily accepted in baits: Phenothioxine 
(5 per cent), phenothiazine (saturated), 
p-iodonitrobenzene (1 per cent), dibenzo- 
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Table 3.—Mortality of ants 288 hours after being offered syrup baits with sodium salicylate or 
sodium fluoride for 48, 96 or 288 hours, and percentages of ants feeding on these baits during the 





first hour, 1937. 


PERCENTAGE or Ants Deap 


. , : . 
CONCENTRATION OF | Arrer Exposure 
INSECTICIDE IN 


Bart, Per Cent 48 Hours 96 Hours 


Sodium Salicylate 


288 Hours 


MEAN PercentAGE or ANTS FEEDING 
Durine First Hour Wuen Exrposep 


48 Hours 96 Hours 288 Hours 





6 66 65 97 3.6 0.4 1.0 
$ 63 53 73 5.2 2.3 $3.7 
» 23 37 64 9.1 17.3 22.3 
] 17 24 23 11.4 8.6 21.2 
Sodium Fluoride 
3 13 37 37 7.7 3.2 7.0 
2 26 51 57 16.5 8.7 8.1 
l t l 20 22.8 19.4 12.4 
Controls 
Ants fed 0 — _ 22.9 


Ants not fed 


71 — — — 





thiophene (5 per cent), dimethyacridan 
5 per cent), thiocoumarin (saturated), 
l-nitrosothiophene (5 per cent), all of 
which were in refined peanut oil, rotenone 
(saturated* one-half, one-fifth and one- 
tenth saturated) which was in crude 
peanut oil, lead acetate (10, 8, 6, 4, 2 and 
1 per cent), thalline sulfate (5, 2 and 1 
per cent), chloral hydrate (10, 8, 6, 4, 2 
and 1 per cent) and a proprietary bait 
said to contain 1.25 per cent of thallium 
sulfate. 

The ants fed rather freely on foods to 
which the following compounds had been 
added: borax (20, 15, 10, 8, 6, 5, 4, 2 and 
1 per cent), Paris green (5, 4, 3, 2 and 1 
per cent), sodium fluosilicate (8, 6, 4, 2 
and 1 per cent), sodium salicylate (8, 6, 
4, 2 and 1 per cent), barium chloride 
(8, 6, 4, 2 and 1 per cent), sodium arse- 
nite and sodium arsenatet (1.0, 0.5, 0.2 
and 0.1 per cent), tartar emetic (satu- 
rated, 2.0, 1.5, 1.0, 0.5, 0.2 and 0.1 per 


* The saturation of crude peanut oil with rotenone in these 
tests was obtained by placing 1 gram of the latter in 20 grams 
of the former. The mixture was held at room temperature and 
stirred daily until it was indicated that a maximum quantity 
of the rotenone had been dissolved in the oi] under these condi- 
tions. The supernatant oil was used as the saturated bait after 
the mixture had been allowed to settle following the last stirring. 
Various degrees of saturation were obtained by dilution of the 
saturated oil. 

t The sodium arsenite and the sodium arsenate used in these 
tests were obtained from local drug stores and their exact chemi 
ca] analysis is unknown. It is probable that the former was the 
meta-arsenite and that the latter was either Na:sHAsO,* 12H,O 
or NasHAsO, + 7H,0. Since the tests with these compounds were 
negative, it was not considered necessary to determine their 
exact chemical composition 


cent), a commercial bait said to contain 
1.25 per cent of thallium sulfate, and a 
proprietary bait reputed to contain not 
over 3.0 per cent of sodium arsenate. 

On foods which they accepted the 
ants fed freely for about the first hour, 
after which time few were seen to feed. 

When results of these miscellaneous 
tests were compared with the data from 
the cages where no food was offered, 
table 4, it became evident that mortality 
from starvation obscured the effects of 
the poison, but with few exceptions the 
highest death rate occurred with the 
baits containing the largest percentage 
of the toxic compound. The data so 
closely parallel the starvation data that 
it cannot be determined whether the ants 
died of starvation or from effects of the 
insecticides. This was shown when 94 
per cent of the ants died within 10 days 

Table 4.—Mortality of fire ants at 48-hour 


intervals when confined in plaster formicaries 
with and without food. 








Per Cent Morta.itry 





INTERVAL, 





Hours With Food Without Food 
48 0.0 0.0 
96 1.0 3.0 
144 2.0 20.0 
192 2.5 88.5 
240 3.5 94.0 
288 5.5 97.5 
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when confined in cages without food. 
There was also the added difficulty that 
moisture was lost when the baits were 
left in the cages for the 288-hour period, 
thus producing a large error in the con- 
centrations of the insecticides. In spite 
of these two factors only rarely was the 
mortality of ants that were offered the 
poisoned foods higher than that of ants 
offered no food. 
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no dead ants were noted near the mounds. 

Thallium acetate was tested in the 
same concentrations used in the cage 
tests, both with and without preserva- 
tives. A sirup bait of each concentration 
was soaked in sawdust and sprinkled on 
the ant nests. All the colonies were de- 
stroyed. The results obtained in later 
tests of this type were erratic, for few 
ants fed during dry weather but good 


Table 5.—Percentage of colonies inactive after being offered sirup baits containing various con- 
centrations of thallium acetate and thallium sulfate in bait cans, 1938. 





No PRESERVATIVE ADDED 
Per Cent of 
Colonies Inactive 


CONCENTRATION OF -—— 
INSECTICIDE, Total Number 
Per Cent of Colonies 


Thallium Acetate 


PRESERVATIVE ADDED 


Per Cent of 
Colonies Inactive 


Total Number 
of Colonies 





4.0 5 100.0 2 50.0 
3.0 3 100.0 4 50.0 
2.0 3 100.0 $ 75.0 
1.0 + 75.0 4 25.0 
0.5 4 0.0 2 50.0 
Thallium Sulfate 
2.0 3 66.7 2 0.0 
1.5 + 20.0 3.3 
1.0 3 0.0 3 0.0 
0.75 + 25.0 8 66.7 
0.5 l 0.0 2 0.0 
0.25 2 0.0 8 0.0 
0.125 l 0.0 3 0.0 





Fieip Tests wita THaLious SaLts.— 
Tests in the field with the thallium sulfate 
and thallium acetate, which appeared so 
effective in cage experiments, included 
only a small series of colonies because the 
project was discontinued before it was 
completed. Thallium sulfate, both with 
and without preservatives, was tested in 
the same concentrations used in the cage 
tests. Three of four colonies were de- 
stroyed in one experiment in which the 
bait (1.5 per cent) was soaked in sawdust 
and sprinkled on the colony mound. 
These colonies were in the shade of trees 
during the first few hours after the 
poisoned food was applied, and rain the 
previous day had soaked the ground 
thoroughly. 

Thallium sulfate in sirup baits did not 
prove effective even when applied in 
aluminum containers, table 5. The ants 
did not feed freely and frequently moved 
from the mound in which the can was 
placed. In one experiment where seven 
colonies were offered thallium sulfate (1.5 
per cent) in 3 parts of sirup and 1 part of 
crushed sardines, all remained active and 


feeding occurred when the soil was moist 
to the surface, 7.¢., following rains 

Satisfactory results were obtained with 
4, 3 and 2 per cent baits to which no 
preservatives had been added when of- 
fered in aluminum cans. The addition of 
sodium benzoate and tartaric acid de- 
creased the effectiveness of the bait, 
table 5. Frequently the higher concen- 
trations of the acetate seemed to be more 
attractive than the lower. 

Three colonies offered a 2 per cent thal- 
lium acetate bait with 3 parts of sirup and 
1 part of crushed sardines all remained 
active. 

The ants died in the nest when poisoned 
with thallium acetate, and seldom were 
piles of dead seen around the mound as is 
the case when killed with other insecti- 
cides. The shortest period in which a 
colony was completely destroyed was 5 
days, and the longest nearly 3 months. 
Sick ants could be seen staggering around 
the mounds for several days after the 
treated food was offered. When a mound 
was disturbed, the ants that came out 
were sluggish and did not have good walk- 
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ing coordination. These observations 
correspond with those obtained in the 
age tests. 

Fretp Tests With MiIsceLLANgEous 
InsecticipEs.—The following _ insecti- 
cides were tested against the fire ant in 
the field: Sodium arsenite (1.0, 0.5, 0.3, 
0.25, 0.2, 0.15 and 0.025 per cent), 
sodium arsenate (1.0, 0.5, 0.3, 0.2, 0.15 
and 0.1 per cent), lead arsenate (5, 4, 2 
and 1 per cent), zine arsenate (2 per cent). 
manganese arsenate (2 per cent), mag- 
nesium arsenate (2 per cent), thalline 
sulfate (1.0, 0.5 and 0.4 per cent), lead 
acetate (4, 2 and 1 per cent), mercurous 
chloride (4 and 2 per cent), tartar emetic 
(4 and 2 per cent), rotenone (1.5, 0.2 and 
0.1 per cent), cuprous cyanide (1 per 
cent), phenothiazine (1.0, 0.4, 0.2 and 
0.02 per cent), cryolite (2 per cent), so- 
dium fluoride (5.0, 2.0, 0.6, 0.5, 0.3 and 
0.15 per cent), sodium fluosilicate (2 per 
cent), sodium salicylate (6, 4, 2 and 1 
per cent), borax (20, 15, 10 and 5 per 
cent, 4, 6-dinitro-orthocresol (saturated), 
4, 6-dinitro-orthocresol acetate (1.1 per 
cent), and three proprietary samples, 
two of which were said to contain 1.25 
per cent and one 0.37 per cent of thallium 
sulfate. 

These compounds were added to the 
following materials known to be attrac- 
tive to fire ants: Cottonseed oil, peanut 
oil, olive oil, cane sirup, cane sirup—agar 
gel, honey, brown sugar, canned mackerel, 
canned liver, canned corned beef, canned 
sardines, canned milk, dried milk, cot- 
tonseed meal, peanut meal, rolled oats, 
bran mash, dried egg yolk, dried whole 
egg and dwarf millet seed. 

None of these materials gave indication 
of being of value in the control of the fire 
ant. The ants fed a few minutes on most 
of these baits, and then covered them 
with soil and abandoned them. Dry baits 
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were taken into the mound and usually 
carried out again after an hour to several 
days. In a few cases when dry baits were 
offered in aluminum cups the ants re- 
moved the contents and used the con- 
tainers for brood chambers. 
OBSERVATIONS ON MISCELLANEOUS 
Oruer Ants.—Other species of ants, par- 
ticularly Dorymyrmex pyramicus var. 


flavus MacCook, D. pyramicus var. niger 


Pergande, Iridomyrmex pruinosus (Roger) 
Pheidole metallescens Emery, Cremato- 
gaster victima subsp. missouriensis Per- 
gande, and Camponotus abdominalis sub- 
sp. floridanus (Buckley), would feed on 
many of the poisoned foods even when not 
accepted by fire ants. This was particu- 
larly true for the sodium arsenite, sodium 
arsenate, tartar emetic, phenothiazine, 
rotenone and thallium baits. 

SumMary.—A large number of insecti- 
cides, particularly thallium sulfate and 
thallium acetate, which are commonly 
used as poisons for other species of ants, 
were tested in baits both in cages and in 
the field, to determine their effectiveness 
against the fire ant, Solenopsis gemt- 
nata (F.). 

Thallium sulfate in concentrations of 
1.0, 1.5 and 2.0 per cent was toxic in cage 
tests but not in the field. Thallium ace- 
tate in concentrations of 2, 3 and 4 per 
cent was very effective in both cage and 
field tests. The addition of sodium ben- 
zoate and tartaric acid to the baits ap- 
peared to repel the ants. No satisfactory 
results against fire ants were obtained, 
either in cages or in the field, with any 
of the other insecticides. The habit of the 
fire ant to suck juices out of baits and 
avoid solid materials prevented a thor- 
ough study of the insoluble insecticides. 
Contrary to expectation, 94 per cent of 
the fire ants starved within 10 days when 
confined in cages without food.—3-20-39. 
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Ease of Residue Removal From Late and Early Spray 
Applications of Lead Arsenate to Apples 


Jack E. Faney, Haroip W. Rusk, Loren F. Sterner and R. F. Sazama, 
U.S. Department of Agriculture, Bureau of Entomology ond Plant Quarantin¢ 


In an effort to minimize the problem 
of removal of spray residues resulting 
from lead arsenate sprays, recommenda- 
tions for commercial orchards suggest a 
reduction in the number of late spray 
applications. Such recommendations are 
based on the inference that, because of 
its greater quantity, the residue from 
late spray applications is more difficult 
to remove than that from sprays applied 
early in the season. It is the purpose of 
this paper to show the effect of time of 
spray application and of different spray 
materials on the residue load at harvest 
and the ease of residue removal. 

Merunops or ANatysis.—The data re- 
ported are based on 50-fruit samples 
analyzed in 25-fruit duplicates by the 
electrolytic-dithizone method (Associa- 
tion of Official Agricultural Chemists, 
1935) for determination of lead residues 
in fresh fruit. Smith & Cassil (1937) have 
shown, by statistical studies of the analy- 
sis of individual fruits from a single tree, 
that differences of 10 per cent of the com- 
mon mean between two samples would be 
significant at odds of 19 to 1 if 70 fruits 
were used in each sample. The authors 
have found the same variation of residue 
load on fruit from a five-tree plot, in 
which all trees were represented. From 
these results it can be assumed that dif- 
ferences of 12 per cent of the common 
mean would be significant at odds of 19 
to 1 when 50-fruit samples were em- 
ployed. 

Wasuine Procepure.—The fruit was 
washed with hydrochloric acid solutions 
in an under-brush machine under the 
conditions given in table 1. 


Table 1.—Exposure time, concentration of acid 
and temperature of hydrochloric acid solutions 
used in washing apples. 





CONCENTRA- 








TION OF 
Actp, Per TEMPERA- 
EXPosurRE, CENT BY TURF, 
YEAR SECONDS WEIGHT Decrees F. 
1935 30 1.1 100 
1936 20 1.5 100 
1937 380 1.4 92 





Since alkaline washes have proved un- 
satisfactory for removal of spray residues 
containing Bordeaux mixture, they are 
not considered applicable to midwestern 
conditions and were not used in these 
experiments. 

EXPERIMENTS IN 1935.—During the 
1935 growing season three plots of Grimes 
Golden apple trees receiving lead arsenate 
sprays were included in the experimental 
orchard near Vincennes, Ind. Because of 
the heavy residue loads found following 
sprays applied July 18, it was decided to 
reduce the spray load at harvest by dis- 
continuing spraying some of the trees of 
each plot. Each plot was therefore di- 
vided into two plots. These two plots 
received identical spray treatments until 
July 18; thereafter one plot of each pair 
received two additional sprays of the 
same material and the other plot was not 
sprayed again. At harvest fruit was taken 
from each of the six plots for study of 
spray residue removal. 

The data in table 2 show that the plots 

1, 2, 3) that received two sprays after 
July 18 carried double the residue found 
on plots that were not sprayed after that 
date. 

Since each pair of plots, 1 and 1A, 2 
and 2A, and 3 and 3A received identical 
sprays except for the last two applica- 
tions, it might be assumed that the resi- 
due on fruit from plots 1A, 2A and 3A 
would be much more easily removed 
than that from plots 1, 2 and 3. The 
results after washing show no significant 
difference in the residue loads on fruit 
from plots 1 and 1A or 3 and 3A, although 
there is a significant difference (at odds 
of 19 to 1) in the loads on fruit from 
plots 2 and 2A. In view of all these data 
it is probable that reducing the harvest 
residue load by eliminating final spray 
applications does not materially lessen 
the problem of residue removal. 

EXPERIMENTS IN 1936.—In 1936 ex- 
periments were designed to measure the 
harvest residue load and the ease of resi- 
due removal from first- and second-brood 
spray applications. Lead arsenate was 
used alone and in combination with Bor- 
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deaux mixture in standard spray sched- nearly three times that from plot 6. After 
ules and with organic insecticides. Seven washing, the residue on the fruit from 
plots of Jonathan apple trees were plot 5 was significantly greater (at odds 
treated. of 19 to 1) than that from plot 6; but the 
The residue loads before and after difference was by no means so great as on 
washing are given in table 2. In plots 4 unwashed fruit. 
and 5 lead arsenate was used in all spray Plots 4, 7 and 8 offer another compari- 
treatments. Plot 5 received two more son between a full lead arsenate spray 
first-brood sprays than plot 4; otherwise schedule and first-brood sprays of lead 
the treatments were identical. The residue arsenate. In plot 7 nicotine sulfate with 
Table 2.—Results of spray residue removal studies, 1935, 1936 and 1937. 
Resipvue Loap, 
NUMBER OF Gratw Leap 
SPRAYS Per Pounp 
YEAR —- -_ ———— —_——— 
AND Pio First- Second- Un- 
No. TREATMENT Brood Brood washed Washed 
1935 
1 Lead arsenate— Bordeaux 4 3 0.200 0.013 
1A Same as plot 1 4 1 0.103 0.014 
2 Lead arsenate-lime-mineral oil, final sprays of 
lead arsenate-Bordeaux 5 3 0.364 0.033 
2A Same as first six sprays for plot 2 5 1 0.149 0.024 
3 Lead arsenate—lime—mineral oil—soap, four sprays 
followed by lead arsenate-Bordeaux 6 3 0.344 0.022 
SA Same as plot 3 6 1 0.174 0.021 
1986 
+ Lead arsenate—Bordeaux 4 4 0.179 0.018 
5 Lead arsenate—Bordeaux 6 4 0.198 0.019 
6 Lead arsenate—Bordeaux 6 0 0.071 0.016 
7 Lead arsenate—Bordeaux, first-brood; nicotine- 
mineral oil, second-brood 4 4 0.055 0.023 
8 Lead arsenate-Bordeaux, first-brood; nicotine 
peat, second-brood (no adhesive) 4 4 0.049 0.012 
9 Nicotine bentonite-soybean oil, first-brood; lead 
arsenate—Bordeaux, second-brood 4 4 0.177 0.009 
10 Phenothiazine, 7 sprays; lead arsenate—Bordeaux, 
final spray 4 4 0.061 0.004 
1937 
1] Lead arsenate—Bordeaux 4 3 0.159 0.017 
12 Lead arsenate-Bordeaux, mineral oil included in 
two first-brood sprays 5 3 0.210 0.024 
13 Lead arsenate—Bordeaux, mineral oil included in 
two first-brood sprays followed by nicotine ben- 
tonite-soybean oil in second-brood sprays 5 3 0.095 0.023 
14 Nicotine bentonite—soybean oil, first-brood; lead 
arsenate—Bordeaux, second-brood; soybean oil in 
first second-brood spray 4 3 0.141 0.013 
15 Phenothiazine, first-brood; lead arsenate—Bor- 
deaux, second-brood; soybean flour in first second- 
brood spray 4 3 0.095 0.012 





load at harvest on fruit from plot 4 was 
nearly 10 per cent lower than on fruit 
from plot 5; however, practically no dif- 
ference is shown in the residue loads after 
washing. Plots 5 and 6 received identical 
spray treatment in the first-brood period 
and differed only during the second-brood 
period, when plot 5 received four sprays 
and plot 6 was left unsprayed. The har- 
vest residue load on fruit from plot 5 was 


oil was used after four applications of 
lead arsenate, and in plot 8 nicotine peat 
without an adhesive was used in four 
applications. The fruit in plots 7 and 8 
carried a much smaller harvest residue 
than that in plot 4. After being washed, 
the fruit in plot 7 carried a significantly 
greater residue than that in plot 4 (at 
odds of more than 19 to 1). In this case 
the oil of the nicotine-oil spray hindered 
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the removal of the residue. The fruit in 
plot 8, on the other hand, was sig- 
nificantly cleaner than that in plot 7. The 
nonadhesive character of the nicotine- 
peat spray mixture made this possible. 

In plots 4 and 9 we have a comparison 
between a full lead arsenate spray 
schedule and four second-brood sprays 
of lead arsenate. The difference in the 
harvest residue loads is probably non- 
significant, but after washing there is a 
decided difference in the residue loads, 
showing that second-brood sprays are 
easily removed regardless of the harvest 
residue load. 

A direct comparison between first- and 
second-brood lead arsenate sprays can 
be obtained from the data of plots 7 and 
8 and plot 9. Plots 7 and 9 are opposite 
in regard to spray schedules. In plot 7 
nicotine and mineral oil followed lead 
arsenate, whereas in plot 9 lead arsenate 
followed nicotine bentonite and soybean 
oil. The residue load at harvest on plot 7 
was less than one-third that on plot 9, 
but, after being washed, the fruit from 
plot 7 carried more than twice the residue 
load of the fruit from plot 9. Here again 
the oil adhesive on top of lead arsenate 
probably complicated removal. The fruit 
from plot 8, which received no adhesive 
in its spray schedule, carried less than 
one-third the harvest residue load of plot 
9, and after washing the difference was 
significant at odds of 19.to 1. Thus, 
although four second-brood sprays may 
give a much greater harvest residue than 
four first-brood sprays, that residue can 
be reduced to meet a tolerance as easily 
as that from the four first-brood sprays. 

A further comparison was made be- 
tween plot 8, which received four first- 
brood sprays of lead arsenate and plot 
10, which was given only one final lead 
arsenate spray. The harvest residue from 
the final lead arsenate spray was greater 
than that from four first-brood sprays. 
After washing, the residue from a final 
lead arsenate spray was reduced to 
0.004 grain of lead per pound, whereas 
the residue from four first-brood sprays 
was 0.012 grain of lead per pound. 

EXPERIMENTS IN 1937.—Five plots of 


Jonathan apple trees were treated in 
1937. In general the same relationships 
are shown by the 1937 data as by the 
1936 data. On comparing plot 11 with 
plot 14 it is shown that second-brood 
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sprays may deposit nearly as great a 
residue as a full schedule of lead arsenate 
but that the residues are more easily 
removed. In plot 13 lead arsenate in 
first-brood sprays is followed by nicotine 
bentonite, and in plot 14 the opposite 
schedule exists. The residue loads in the 
two plots show the same general relation- 
ship as those in similar plots (7 and 9) 
in 1936. A comparison of plot 13, which 
received lead arsenate in_first-brood 
sprays, with plot 15, which received 
lead arsenate in second-brood sprays, 
shows these two plots to carry identical 
harvest residue loads. After washing, the 
residue from second-brood lead arsenate 
sprays was reduced to 0.012 grain of lead 
per pound; the residue from first-brood 
sprays was 0.023 grain of lead per pound. 

The only new comparison in the 1937 
data is found in plots 11 and 12. These 
plots differ principally in the inclusion of 
mineral oil adhesive with lead arsenate 
in two first-brood sprays in plot 12. The 
effect of this adhesive is measurable 
both in the harvest residue and in the 
residue after washing. 

SuUMMARY.—Experiments were under- 
taken in southern Indiana during 1935, 
1936 and 1937 to determine the relative 
ease of removal of residues on fruit result- 
ing from early and late applications of 
lead arsenate sprays. Spray schedules 
designed to permit such a comparison 
were applied in experimental apple or- 
chards near Vincennes, Ind. Samples of 
fruit from the spray plots were washed 
with hydrochloric acid solutions, and 
analyses were made for lead residues be- 
fore and after washing. 

The residue load at harvest from a 
given number of lead arsenate sprays 
increases as the time of spray application 
approaches harvest time; thus, a final 
cover spray of lead arsenate may leave, 
at harvest, a residue load equal to that 
resulting from four first-brood sprays. 
The residues from sprays applied in the 
second-brood period are more easily re- 
moved by washing than are residues from 
the same number of the same sprays ap- 
plied during the first-brood period. The 
use of oil adhesives with organic insecti- 
cides, in second-brood sprays, makes the 
residue of lead arsenate from first-brood 
sprays as difficult to remove as are resi- 
dues from lead arsenate used throughout 
the season.—1-27-39. 
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Biology and Habits of Ephialtes turionellae (L.),* a Pupal 
Parasite of the European Pine Shoot Moth 


P. A. Berry,t U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Ephialtes turionellae (L.) is an impor- 
tant pupal parasite of the European pine 
shoot moth, Rhyacionia buoliana (Schiff.), 
in Europe. It was first imported in 1906, 
under the name Pimpla exraminator F., 
for liberation as a parasite of the gypsy 
moth, but failed to become established 
Howard & Fiske 1911). It was imported 
and released in pine shoot moth infesta- 
tions in 1933, 1934 and 1935. During this 
three-year period 699 parasitized host 
pupae were received in this country and 
160 of these produced adult parasites. 
The adult parasites, however, did not 
issue until after the pupae of R. buoliana 
had produced moths. Since very few E. 
turionellae adults were received during 
any one season and they issued too late 
to be effective as parasites of the pine 
shoot moth pupae, consideration was 
given to rearing the parasite on an alter- 
nate host and liberating it in greater 
numbers at a time when R. buoliana 
pupae were abundant in the field. Thorpe 

1930) has published a host list indicating 
the polyphagous habits of this parasite. 
In order to find a suitable host for mass 
production in the laboratory, pupae of 
several species of Lepidoptera were ex- 
posed to gravid females for attack. It was 
found that FE. turionellae could be reared 
with varying degrees of success on a 
number of species of lepidopterous pupae 
that occur in New England. Cacoecia 
cerasworana (Fitch) proved to be the 
most satisfactory host for large-scale 
rearing of the parasite. Although Meyer 
(1925) has given a good account of the 
biology and morphology of E. turionellae, 
further observations made on the life 
history and habits of this species during 
the course of the rearing work in the 
United States are included in this paper. 

* Order Hymenoptera,’family Ichneumonidae 

t The writer is indebted to R. C. Brown, in charge of the New 
Haven, ¢ onn., laboratory of the Division of Forest Insect In- 


vestigations. U. 5. Department of Agriculture, and to P. B 
Dowden, of the same laboratory, for helpful advice 


ReaRING.—Preliminary experiments in 
rearing Ephialtes turionellae were begun 
in 1934. The first hosts exposed to attack 
by the parasite were Pieris rapae (L.) 
and Autographa brassicae (Riley). Both 
these species were attacked readily when 
exposed in webs or wrapped in absorbent 
cotton. Pyrausta nubilalis (Hbn.) is also 
a very satisfactory host, particularly for 
use in building up a stock of parasites in 
the winter. Several other solitary hosts 
were tried with varying results, but, as 
has been stated, the gregarious tortricid 
Cacoecia cerasivorana (Fitch) was the 
most satisfactory for mass production of 
the parasite. 

Cacoecia cerasivorana is a lepidopterous 
insect known as the ugly-nest caterpillar. 
It feeds on wild cherry. The larvae spin 
webs inclosing the foliage, and practically 
all feeding takes place within the nest. 
After feeding is completed, the larvae 
migrate to the center of the web, where 
they spin cocoons. The cocoons, together 
with the frass, form a compact mass which 
contains from 100 to 1,000 pupae. 

The caterpillar pupae were exposed to 
attack by Ephialtes in lots of 100 to 200. 
The outer webbing was removed and the 
larger nests were broken into smaller sec- 
tions so that most of the pupal cases were 
exposed. This method has proved very 
satisfactory in producing a high percent- 
age of parasitized pupae. 

A limited amount of time has been 
available for rearing Ephialtes turionellae 
so that only a small supply of overwinter- 
ing females has been retained for propa- 
gation work. The results, however, have 
been very satisfactory, and _ sufficient 
numbers of parasites have been obtained 
for colonization in most of the areas in- 
fested by the European pine shoot moth. 

In 1935, 40 hibernating Ephialtes 
turionellae females were retained for rear- 
ing purposes, from which a progeny of 
1,453 adults were obtained. In 1936, only 
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25 overwintering females were kept for 
propagation of the species. A first and 
partial second generation “of parasites 
reared on Cacoecia cerasivorana yielded 
a total of 4,145 E. turionellae adults in 
1936. Production on a somewhat larger 
scale was begun in 1937. About 250 
female parasites were available in the 
spring and two generations were reared 
on C. cerasivorana. These rearings resulted 
in 13,716 females of E. turionellae. 

Host Reiations.—Ephialtes turionel- 
lae is diverse in its feeding habits and is 
known to attack a number of lepidopter- 
ous hosts in Europe. Thorpe (1930) gives 
a host list of 39 species, representing 15 
families. Meyer (1925) states that it is 
one of the most polyphagous parasites of 
the family Ichneumonidae. He has re- 
corded 20 hosts, including 5 not men- 
tioned by Thorpe. 

In the United States Ephialtes turionel- 
lae has been reared in the laboratory from 
the hosts listed below. Lepidoptera: 
Cacoecia cerasivorana (Fitch), Pyrausta 
nubilalis (Hbn.), Malacosoma americana 

F.), Pieris rapae (L.), Autographa bras- 
(Riley), M. disstria Hbn., Notolo- 
phus antiqua (L.), Alypia octomaculata 
(F.), Dioryctria zimmermanni (Grote), 
Anisota senatoria (A. & S.) and Cacoecia 
fervidana (Clem.); Hymenoptera: Dioctes 
punctoria Roh., a primary parasite of 
P. nubilalis; Diptera: Ernestia ampelus 
Walk.), a primary parasite of M. dis- 
stria. Some of these hosts may not be 
subject to attack by E. turionellae in the 
field, but there are, without doubt, many 
other species that would serve as hosts 
for this parasite. 

HrBerNATiIon.—Thorpe (1930) indi- 
cates that Ephialtes turionellae in its 
natural environment passes the winter in 
the immature stages within the body of 
its host pupa. The development of half- 
to full-grown larvae has been retarded 
for 30 to 60 days at 32 to 38 degrees F. in 
the laboratory, but no attempts have 
been made to carry the immature stages 
through the winter in the United States. 
These larvae developed normally when 
subjected to higher temperatures and no 
ill effects were apparent. In an unheated 
insectary in Massachusetts hosts at- 
tacked as late as October produced adults. 
The life cycle was longer by several days 
than in the field, some individuals de- 


sicae 


veloping into adults on warm days in 
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December. Females have hibernated suc- 
cessfully at normal winter temperatures 
in Massachusetts. During the severe win- 
ter of 1934-35 there was a mortality of 
only 10 per cent when the parasites were 
held in wooden boxes in an unheated 
insectary where the temperature dropped 
to —11 degrees F. A few of the late- 
emerging males have always survived the 
winter. In the laboratory very low mor- 
tality of this species has occurred during 
the winter at temperatures ranging from 
32 to 38 degrees F. At these temperatures 
the parasites have usually been supplied 
with cube sugar and water, as a precau- 
tionary measure, although no feeding has 
been observed. The data strongly indicate 
that E. turionellae will survive the win- 
ters in most parts of the United States. 

Matinc.—Mating occurs readily at 
any temperature at which the parasites 
are active. Those emerging in the fall 
mated at 50 degrees F. The males may 
continue to mate during their entire life. 
The females will mate a number of times 
during the first day or two after emerging, 
but fertilized females will not mate after 
they are older. Females that have not 
been fertilized will mate after they are 
several months old, but they also will 
refuse males a day or two after the first 
union. Mating lasts from 30 seconds to 5 
minutes. 

OviposiTion.—Females of Ephialtes 
turionellae reared at temperatures of 80 
degrees F. or more begin ovipositing soon 
after emerging. Those females developing 
at lower temperatures, 50 to 65 degrees 
F., do not oviposit for a week or two after 
becoming adults. If reared at high tem- 
peratures, then cooled to 40 degrees F. 
for a period of a week, they will not ovi- 
posit until 4 to 7 days after being sub- 
jected to temperatures of 70 to 80 degrees 
F. Adults developing in October would 
not oviposit the following spring until 
they had been subjected to temperatures 
of 50 to 75 degrees F. for a period of 2 
weeks. 

DevELOPMENT.—The egg is deposited 
in the host pupa and may be found in 
nearly any part of the body. Hatching 
occurs within 2 to 4 days at summer 
temperatures. 

The larvae feed within the host during 
all stages. They develop rapidly and at- 
tain full growth in from 6 to 10 days. 

The naked parasite pupa is formed 
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within the walls of the host pupa and de- 
velops into an adult within 6 to 10 days. 
The newly emerged adult then cuts a hole 
in the wall of the host pupa and comes 
out. 

The time required for development 
from egg to adult is 14 to 20 days at 
temperatures of 80 degrees F., but at 
ordinary summer temperatures 20 to 
25 days are required for a generation. 
At prevailing temperatures in New Eng- 
land six complete generations were reared 
in 1935. This necessitated a constant sup- 
ply of host material from the time the 
parasite became active in the spring until 
it went into hibernation in the fall. 

Host Reststance.—E phialtes turionel- 
lae seems to be physiologically adapted 
to reproduce on a variety of hosts. Of the 
many hosts exposed in the United States, 
Notolophus antiqua was the only species 
which showed a decided resistance to the 
development of eggs and young larvae of 
this parasite. One lot of 50 N. antiqua 
pupae that had been attacked failed to 
produce a single parasite. Dissections of 
the host pupae showed that none of the 
parasites had developed beyond the early 
larval stages. Another lot of 300 pupae 
were parasitized. Dissections of 200 of 
these pupae within 10 days after attack 
revealed 100 containing dead parasite 
eggs, 60 with dead first-stage larvae, 3 
with living larvae that were almost full 
grown and 37 showing no signs of attack. 
The 100 pupae that were retained pro- 
duced 50 moths and 1 adult E. turionellae. 

The dead eggs and the larvae were 
surrounded by a transparent wall of a 
gelatinous material. This condition is 
probably what has been referred to as 
phagocytosis by Muesebeck & Parker 
(1933), in which eggs and larvae of 
Hyposoter disparis Viereck failed to de- 
velop in Porthetria dispar (L.). 

Feepinc Hapits.—The adults fed 
greedily on the lump sugar and honey 
water solution supplied them. The males 
confine their feeding to this diet, but the 
females commonly feed on the juices of 
the host pupae. This food is obtained by 
inserting the ovipositor into the pupa, 
twisting it around and then feeding on 
the exuding juices. Often the feeding is 
accomplished without the ovipositor be- 
ing completely removed from the punc- 
ture hole. This feeding habit of the female 
is rather common in this group and was 
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mentioned by Cushman (1913) in his 
work on the Calliephialtes parasite of the 
codling moth. 

In confinement many of the parasitized, 
as well as the unparasitized host pupae 
are killed by this feeding habit. This 
same condition apparently exists in the 
field and may explain the low percentage 
of emergence of parasites from Rhyacionia 
buoliana pupae received from Europe. 
The pupae that have been killed by the 
feeding of the parasite have the same gen- 
eral appearance as those containing liv- 
ing parasite pupae. They can often be 
distinguished, however, upon examina- 
tion in a strong light, and if bounced on 
a hard surface the unparasitized pupae 
usually bounce higher. 

Repropuctive Capacity.—Some data 
regarding the reproductive capacity of 
Ephialtes turionellae were obtained in 
connection with the propagation of this 
species. No attempts were made, how- 
ever, to obtain records on individual fe- 
males. Meyer (1925) states that the re- 
productive capacity of this species is not 
great. He gives the records of two fe- 
males, one of which deposited 46 and the 
other 51 eggs. In 1935 one cage of 40 E. 
turionellae females produced 1,453 adults, 
an average of 36 per female. In 1936 one 
age of 25 females produced 1,381 adults, 
an average of 55 per female. These figures 
do not represent a true measure of the 
biotic potential, but they show the actual 
increases that can be expected in practical 
rearing of the species in the laboratory. 
In these experiments there was a loss of 
eggs due to multiple parasitism, as was 
shown by dissections of samples of the 
parasitized pupae. There was also a loss 
of eggs due to the adult parasites’ 
feeding on the parasitized pupae and kill- 
ing them before the parasite larvae 
developed. 

PROPORTION OF SEXES.—According to 
Thorpe (1930) males and females ap- 
peared in approximately equal numbers 
in Great Britain. Morley (1908, p. 99) on 
the other hand concludes that females 
must be very rare in Great Britain. In the 
material received from Austria the pro- 
portion of males to females was about 
1:2. Data obtained from the rearing work 
in the United States indicate that the 
ratio of males to females is affected by the 
size and succession of hosts. Adult para- 
sites reared from large hosts have always 
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produced a higher ratio of males when 
they were allowed to reproduce on a 
smaller host. Parasites reared from smali 
hosts have always produced a higher per- 
centage of females when allowed to re- 
produce on a larger host. In the experi- 
ments mentioned above, the ratio of 
males to females ranged from 2:1 to 1:3 
in the most extreme cases. When succes- 
sive generations were reared on the same 
host, the ratio of males to females aver- 
aged 4:5. Fertility appeared to decrease 
as the females became older, as there has 
always been a preponderance of males, 
about 3:1, in the generations reared from 
overwintering females that were mated 
before they hibernated. 
Hyperparasitic Hapirs.—Under lab- 
oratory conditions Ephialtes turionellae 
has been reared on one hymenopterous 
host, Dioctes punctoria Roman, and on 
one dipterous host, Ezrorista ampelus 
(Walk.). In both cases these hosts were 
wrapped in cotton to facilitate oviposi- 
tion. Occasionally this species may oc- 
cur as a secondary parasite but its role 
as such is probably accidental and so rare 
as to occasion no alarm. It has not been 
recorded as a secondary parasite from 
field-reared material. 
CoLONIZATION.—Liberations during 
the period 1935-37 totaled 1,732 males 
and 10,744 mated females. Five thou- 
sand seven hundred thirty mated females 
were colonized in European pine shoot 
moth infestations. Several of these colo- 
nies consisted of overwintering females 
that were released in the spring when 
Rhyacionia buoliana pupae were in the 
field. Most of the colonies, however, were 
released in the summer after the issuance 
of the pine shoot moth adults. It was 
hoped that they would propagate on other 
lepidopterous hosts or survive until the 
following spring and attack the develop- 
ing pupae of R. buoliana. Colonies were 
released at Branford, Fairfield, Newtown 
and Meriden in Connecticut; Lewiston, 
Niagara Falls, Buffalo, Syosset and 
North Castle in New York; and New 
Vernon and Boonton in New Jersey. Two 
colonies were sent to Ontario, Can., and 
were released there by officers of the 
parasite laboratory of the Canadian De- 
partment of Agriculture. In addition to 
liberations in European pine shoot moth 
infestations, one colony of 3,000 mated 
females was released in an infestation of 


Vol. 32, No. 


Malacosoma disstria at Cass Lake, Minn., 
and one colony of 2,000 mated females in 
an infestation of Hemerocampa pseudotsu- 
gata McD. in the Saw Tooth National 
Forest at Shoshone, Idaho. 

Although this parasite has not yet 
been recovered from the field in America, 
the fact that it will successfully attack a 
rather wide range of hosts in the labora- 
tory is an indication that its chances of 
establishment are good, and it is hoped 
that it may prove eventually to be of 
some importance as a parasite of forest 
insects in this country. 

SumMArRY.—FEphialtes turionellae (L.) 
is an important pupal parasite of the 
European pine shoot moth, Rhyacionia 
buoliana (Schiff.), in Europe. 

It was first introduced into the United 
States as a parasite of the gypsy moth, 
but failed to become established. The 
second attempt to colonize this parasite 
was for the control of the European pine 
shoot moth. Importations were begun in 
1933 and continued through 1935. Nu- 
merous colonies were liberated but no re- 
coveries have been made as yet under 
field conditions. 

In view of the difficulties attendant 
upon obtaining sufficient numbers from 
Europe for liberation, methods for rearing 
this parasite in the United States were 
developed. Investigations have shown 
that large numbers may be successfully 
reared in the laboratory with little effort. 

This parasite has a number of lepidop- 
terous hosts in Europe and it will repro- 
duce successfully under laboratory con- 
ditions on a number of species native to 
the United States. 

Twenty-five females produced 1,381 
progeny, an average of about 55 each. 
The biotic potential is somewhat higher, 
as many of the parasite eggs were de- 
stroyed by the adults’ feeding on the 
parasitized pupae. The life cycle is com- 
pleted in 14 to 25 days and six or more 
generations a year can be produced at 
prevailing temperatures in New England. 
The species overwinters as an adult and 
possibly also in the immature stages at 
times and is apparently little affected by 
low temperatures. 

One host, Notolophus antiqua, showed 
a decided resistance to the development 
of eggs and young larvae of Ephialtes 
turionellae. A reaction known as phagocy- 
tosis occurred and the eggs and larvae 
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were encysted in a gelatinous mass. This 
host is therefore practically immune to 
the parasite. 

Ephialtes turionellae females kill many 
of their host pupae by feeding on the 
body fluids. This act is accomplished 
by inserting the ovipositor, twisting it 
around vigorously and then feeding on 
the body fluids as they exude. 

Data obtained from laboratory rearing 
work in the United States indicate that 
the ratio of males to females is affected 
by the size and succession of hosts. Adult 
parasites reared from large hosts have 
always produced a higher ratio of males 
when they were allowed to reproduce on 


a smaller host. Parasites reared from 
small hosts have always produced a 
higher percentage of females when al- 
lowed to reproduce on a larger host. 
When the successive generations were 
reared on the same host there were 
slightly more females than males. Mated 
females appeared to lose fertility as they 
grew older, as was evidenced by a higher 
percentage of males reared from over- 
wintering females. 

Under laboratory conditions Ephialtes 
turionellae can be reared occasionally on 
dipterous puparia and also on hymenop- 
terous pupae and therefore may at times 
act as a secondary parasite.—2-16-39. 
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Nutritional Value of Certain Foods for the Adult Honeybee* 


R. M. Metampy and 8S. E. McGrecor, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The science of nutrition has demon- ment (McCay 1938). A study of the 


strated that certain basic dietary require- 
ments must be fulfilled before an animal 
organism can develop properly. The ani- 
mal body needs proteins, fats, carbohy- 
drates, inorganic substances and vita- 
mins, and the requirements are specific, 
particularly for the proteins, vitamins 
and mineral elements. The entomologist 
working in insect physiology must ap- 
preciate the significance of protein quality 
as has been demonstrated for the German 
cockroach, Blattella germanica (L.) (Me- 
Cay 1938), the indispensability of such 
inorganic elements as phosphorus to 
Tribolium confusum Duy. (Nelson & Palm- 
er 1935), the vitamin requirements of 
insects (Trager 1935, Melampy & May- 
nard 1937) and the effects of the absence 
of dietary essentials upon insect develop- 


* A contribution from the Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agriculture, in cooperation 
with Louisiana State University. 


dietary requirements of the honeybee, 
Apis mellifera L., is under way at the 
Southern States Bee Culture Field Labo- 
ratory at Baton Rouge, La., and some of 
the preliminary results are presented in 
this paper. 

Nutrition studies with insects must be 
conducted under carefully controlled en- 
vironmental conditions in order that diet 
may be the most significant variable in 
the experiment. Woodrow (1935) has 
shown that low relative humidities tend 
to lengthen the life of honeybees and has 
attributed this fact to the greater satura- 
tion deficit at the lower relative humidi- 
ties which permits the insects to lose 
larger quantities of water into their en- 
vironment than is possible at the higher 
humidities. 

The purpose of this investigation is 
therefore twofold: first, to study the ef- 
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Fic. 1.—Experimental cage for adult honeybees. 


fect of temperature and relative humidity 
upon the length of life of the adult honey- 
bee; second, to determine the nutritional 
value of various foods for this insect. 
TEMPERATURE AND Humipity STupies. 
The bees used for these studies were 
selected at random from a colony of 
Italian bees. The exact age of the insects 
was not known. Approximately 50 bees 
were placed in each experimental cage, 
fig. 1. The cages (6 by 3} by 3 inches) 
were constructed of wood covered with 
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screen cloth. Water and 50 per cent su- 
crose solution were provided ad libitum 
from inverted homeopathic vials. The 
cages containing the insects were placed 
in constant-temperature cabinets (24 by 
24 by 22 inches). The heating element 
consisted of nichrome wire distributed 
about the inside walls. The temperature 
was maintained within 0.5 degrees C. by a 
bimetallic thermoregulator. In the experi- 
ments at high humidities the humidity 
was controlled by the use of wicks made 
of Canton flannel (Woodrow 1935), sup- 
ported by glass rods from the tops of the 
vabinets while the lower ends were im- 
mersed in water or salt solution. At the 
low humidities it was necessary to use 
large glass desiccators placed in the con- 
stant temperature cabinets, and the con- 
trol solution was potassium carbonate or 
calcium chloride. 

The results of the temperature and 
humidity studies are summarized in table 
Be 

The results in table 1 indicate that the 
adult honeybee consuming a diet of 50 
per cent sucrose can live longest in an 
environment having a low relative humid- 
ity and reasonably high temperature. Low 
relative humidities provide a high satura- 
tion deficit which permits the insects to 
lose water into their environment, and 
this effect is increased by the acceleration 
of evaporation of water at the higher 
temperature. At the maximum relative 
humidity the insects at the lower tem- 
perature lived longer, but they were not 
so active as those at the higher tempera- 
ture. Buxton (1930), working with the 
larvae of Tenebrio molitor L., found that 
in starvation these insects produce more 
metabolic water than they would liberate 
into an environment with a relative 
humidity of 90 per cent. Honeybees re- 


Table 1.—The effect of temperature and relative humidity upon the length of life of the adult 


honeybee on a diet of 50 per cent sucrose. 











TEMPERA- 


MAXIMUM 


EXPERI- TURE, RELATIVE LencrTu 
MENT Decrees Houmoupiry, NUMBER Mean LencTH 01 or Lirt 
No. _ ll Per Cent ContTro.t AGENT or BEES Lire in Days in Days 

l 35 95 Water 250 +.95+0.09 10.0 
2 25 95 Water 246 8.23+0.28 21.0 
3 35 75 Sodium chloride 255 27 .49+0.66 46.0 
$ 25 75 Sodium chloride 245 15.82+0.40 27 .0 
5 35 47 Potassium carbonate 61 39 .90+1.90 62.0 
6 25 47 Potassium carbonate 46 19.70+0.72 33.0 
7 35 35 Calcium chloride 49 44.34+1.31 62.5 
s 25 35 Calcium chloride 50 15.04+0.64 27.0 
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ceiving a 50 per cent sucrose solution and 
living in an environment 95 per cent 
saturated may contain more water than 
they can eliminate because of the low 
saturation deficit. The oxidation of glu- 
cose yields 60 per cent of weight as water; 
i.e., the oxidation of 1 gram-molecule of 
a hexose such as glucose yields 108.9 
grams of metabolic water. 

NUTRITIONAL Stup1es.—The bees used 
in the nutritional studies were approxi- 
mately 1 day old and had consumed no 
pollen. They were obtained by screening 


vanned milk (diet 12) and dried bakers’ 
yeast (diet 18) are of little nutritional 
value when fed alone to adult honeybees, 
but when the same substances are fed 
with honey there is an increase in length 
of life. The bees are maintained by the 
honey, because when honey was fed un- 
supplemented (diet 8) the mean length of 
life was 18.39 days. 

Upon dissection of representative speci- 
mens it is found that the supplementary 
foods, such as yellow corn flour, are 
ingested but are apparently not suffi- 


Table 2.—Nutritive value of various foods for the adult honeybee. Temperature 35 degrees + 0.5 


degrees, relative humidity 75 + 2 per cent. 














MaxXImMuM 

LENGTH 

Diet Numper Mean Lenora or orf Lirg, 

No Dietary CONSTITUENTS or Bees’ Lire, ty Days stn Days 
8 Honey 326 18.39+0.22 25.0 
l Yellow corn flour 150 1.30+0.06 3.0 
1A Yellow corn flour and honey 196 14.23+0.21 21.0 
2 Patent flour 154 2.09+0.03 2.5 
2A Flour and honey 96 1é.93+0.47 27.0 
3 Ground whole wheat 100 2.00+0.00 2.0 
SA Ground whole wheat and honey 108 15.24+0.43 23.0 
6 Dried skim milk 150 1.33+0.06 3.0 
6A Dried skim milk and honey 202 16.17+0.19 23.0 
9A Fresh pollen 263 3.49+0.61 7.0 
9 Fresh pollen and honey 291 23 .29+0.48 40.5 
40 1:3 water extract of pollen and honey 244 17.73+0.29 23.0 
38A Water-extracted pollen and honey 253 14.73+0.28 27.0 
41 1:3 ethyl alcohol extract of pollen and honey 234 5.82+0.10 9.0 
S9A Ethyl alcohol-extracted pollen and honey 230 13.15+0.26 23.0 
42 1:3 water extract of dried bakers’ yeast and honey 190 14.74+0.19 19.0 
10 Invert sirup 206 12.02+0.22 19.0 
11 Fresh pollen and invert sirup 209 23 .40+0.29 37.5 
12 Canned milk 250 3.06+0.05 4.5 
12A Canned milk and honey 224 17.50+0.34 27.0 
18 Dried bakers’ yeast 150 1.68+0.03 2.5 
18A Dried bakers’ yeast and honey 203 16.64+0.23 25.0 





brood frames prior to emergence. Ap- 
proximately 50 insects were placed in each 
experimental cage. Water and pure tu- 
pelo honey were provided ad libitum from 
inverted homeopathic vials; the other 
dietary constituents were fed in small 
metal cups. Water was provided all ex- 
perimental groups. Daily mortality rec- 
ords were made, and the physiological 
efficiency of the experimental diets is 
expressed as the mean length of life with 
its standard error. 

The results of the nutrition studies are 
presented in table 2. 

In table 2 it will be noted that diets 
consisting of yellow corn flour (diet 1), 
patent flour (diet 2), ground whole 
wheat (diet 3), dried skim milk (diet 6), 


ciently utilized to maintain life. Haydak 
(1936) reported that cereals such as 
whole oats flour, whole wheat flour, corn 
flour and pea flour were not utilized by 
bees in brood rearing. Fresh pollen (diet 9) 
is of greater nutritional value than any 
of the other supplementary foods, for 
the mean length of life was increased 
over that of honey (diet 8) and of in- 
vert sirup (diet 10). Fresh pollen (diet 
9A) was utilized to a small degree when 
fed without honey. Dried bakers’ yeast 
(diet 18), a rich source of vitamins of 
the B group and of protein, was ap- 
parently of little food value to the adult 
honeybee. The question of palatability 
is undoubtedly of some importance in the 
ingestion of diets by insects, as is the case 
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with other animals. Water and 95 per 
cent ethyl alcohol extracts of fresh pollen 
were fed with honey (diets 40 and 41), 
but the extracts have little, if any, nutri- 
tional value. 

The mean length of life of bees fed 
water and 50 per cent sucrose solution at 
35 degrees C. and 75 per cent relative 
humidity was 27.49 days (table 1), which 
was 4 days longer than that obtained, 
under similar conditions of temperature 
and humidity, with honey and fresh pol- 
len (diet 9, table 2) or invert sirup and 
fresh pollen (diet 11, table 2). The results 
of the two series of experiments are not 
comparable, because newly emerged bees 
were used for the nutrition studies, table 
2, whereas somewhat older adults were 
used for the temperature and humidity 
studies, table 1. 

The authors realize that a 50 per cent 
sucrose solution is not a satisfactory diet 
for nutrition studies with insects since it 
is obviously deficient in protein, fat, vita- 
mins and minerals, and that the physio- 
logical responses may be complicated by 
the incompleteness of the diet. Because 
the honeybee can withstand the winter 
with little reserve food other than a car- 
bohydrate mixture such as honey, carbo- 
hydrate is not necessarily an adequate 
diet for temperature and humidity studies 
conducted under widely different condi- 
tions. Haydak (1937b) has shown that 
newly emerged bees can subsist on pure 
carbohydrate for a long time but the 
dry weight and nitrogen content of their 
bodies diminish. The mortality of bees 
receiving a pure carbohydrate diet is 
high, but when the pollen is added the 
bees develop rapidly and commence 
brood rearing normally. It is evident 
that more attention must be paid to the 
nutritional requirements of insects such 
as the honeybee before the effect of en- 
vironmental conditions can be studied 
under laboratory conditions. 

The diet of the worker honeybee must 
furnish energy for such varied activities 
as collecting and storing nectar and pol- 
len, building comb, affording protection 
and rearing brood. In addition the diet 
must provide nutrients which can be 
utilized to restore depleted tissues and 
serve as precursors of wax and royal 
jelly. Haydak (1934) has concluded that 
the changes in the nitrogen content dur- 
ing the life of the imago worker bee cor- 
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respond in general to the sequence of 
activities engaged in by this insect. Dur- 
ing the first 5 days there is an increase of 
more than 92 per cent in the total nitro- 
gen content of the head of the worker. 
This increase parallels the development 
of the pharyngeal glands which secrete the 
royal jelly used in brood rearing. This 
conclusion, based upon data obtained by 
chemical analyses, is supported by micro- 
scopical examination which shows that 
the pharyngeal glands of the bees 2 
days old are well developed but the se- 
cretion is thin and transparent. The 
nitrogen content of the abdomen increases 
with age, but that of the thorax increases 
much more slowly because the flight 
muscles develop later. 

Haydak (1935) has demonstrated that 
nurse bees can rear brood for a limited 
time when carbohydrate is the only con- 
stituent of the diet. The depletion of the 
tissue reserves limits the secretion of royal 
jelly, and consequently the colony is un- 
able to rear brood unless protein and other 
dietary requirements are provided. The 
same investigator has reported (1937a 
that bees 47 days old are able to live 
189 days on a pure carbohydrate diet, 
but that there is a substantial decrease 
both in weight and in nitrogen content of 
all parts of the body. The greatest change 
takes place in the abdomen. 

According to unpublished results from 
this laboratory, worker bees receiving a 
diet of honey show a decrease of 1.50 
per cent in the total nitrogen content 
after a feeding period of 7 days and a 
still further decrease of 5.02 per cent 
after 14 days. If the honey is supple- 
mented with finely pulverized casein, the 
nitrogen content increases 4.02 per cent 
during the first 7 days, and at the end of 
14 days there is an increase of 9.00 per 
cent. These results are in agreement with 
those reported by Haydak (1936). Keller- 
Kitzinger (1935) found, however, that 
the nitrogen content of bees does not 
change after a carbohydrate diet has 
been fed to them. The last mentioned 
investigator did not remove the alimen- 
tary tract, and an accumulation of fecal 
material may have accounted for the 
results reported. 

Pollen is the usual source of protein, 
but Haydak (1937c) has shown that 
young bees can develop normally when 
fed soybean flour, soybean meal, peanut 
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meal, linseed meal; or soybean meal, 
linseed meal or cottonseed meal mixed 
with skim-milk powder, 20 per cent by 
weight. Only colonies that had pollen 
or soybean or cottonseed meal mixed 
with skim-milk powder produced young 
bees. Haydak had previously (1933) 
recommended whole milk as a suitable 
pollen substitute. 

Conc Lusions.—Experiments at dif- 
ferent temperatures and relative humidi- 
ties indicate that a low relative humidity 
and a reasonably high temperature are 
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conducive to a long life span of the adult 
honeybee under conditions that are con- 
trolled. 

The inadequacy of a carbohydrate diet, 
such as honey or invert sirup, for the 
newly emerged adult honeybee has been 
demonstrated by comparative feeding 
trials. Fresh pollen is apparently better 
utilized as a supplement to a carbo- 
hydrate diet than any cereal or milk 
products fed. The authors have not ex- 
perimented with these diets under apiary 
conditions.—2-18-39. 
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SCIENTIFIC NOTES 


Observations on Collabismodes cubae 
Boh. as a Tomato Pest 


The beetle Collabismodes cubae Boh., reported 
(U. S. Department of Agriculture 1939) by J. R. 
Watson of the Florida Agricultural Experiment 
Station, as infesting tomato plants, was brought to 
the writer's attention early in March by G. D. 
Ruehle, of the Florida Subtropical Experiment Sta- 
tion at Homestead, who had sent specimens to Dr. 
Watson at Gainesville. 

When first observed the infestation occurred 
principally in a tomato field lying just north of the 
Florida City Canal in Dade County and about a 
mile from Biscayne Bay. This was one of the most 
southeasterly located cultivated fields in Florida. 
The location of the infestation suggested that the 
insect had reached Florida in floating plant rem- 


nants or had been carried by wind from Cuba, ap- 
proximately 175 miles. 

The observations indicated that the insect was 
capable of becoming an extremely serious pest of 
tomato plants if it were able to spread and become 
established farther north. As it is a tropical species, 
the chances are good that it may not spread much 
farther north and that it may not survive the sum- 
mer when the lands in the location of the infestation 
are flooded, as they often are for several weeks. 

In the first week of March the larvae were nearly 
full grown and occurred at the rate of 1 to 4 per 
plant. The larvae fed by burrowing in the main stem 
from below the surface of the soil to a point 2 or 3 
inches above ground. When there were several 
larvae per plant the stems were well hollowed out. 

The infestation was spotted in the field. Occa- 
sionally as many as a score of plants in one spot 
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were severely injured, and such plants finally died. 
But the total injury did not seem to be great. Prob- 
ably no more than 1 per cent of the plants was 
killed. 

The larvae were uniform in size when first ob- 
served and seemed to represent a distinct brood 
They pupated within about a week during the last 
of March, and by the end of that month all those ob- 
served were pupae. When through feeding the larvae 
constructed elliptical cocoons of fragments of the 
tomato stem. These were located within the larval 
burrows. The resulting beetles gnawed directly 
through the cocoons and the adjoining stem to attain 
freedom. A total of 34 pupae were found in 20 
tomato plants, an average of 1.7 per plant.— 6-20-39 

Georce W. Barser, U. S. Department of Agri- 
culture, Bureau of Entomology and Plant Quarantine. 


LITERATURE CITED 


U. S. Department of Agriculture, Bureau of 
Entomology and Plant Quarantine. 1939. 
Insect Pest Survey Bulletin 19(2):44. 
Mimeo. 


Observations on the Flight of Adults 
of the Sugar-Beet Wireworm, 
Limonius californicus 
(Mann.) 


Although it has been known for a long time that 
adults of the sugar-beet wireworm, Limonius cali- 
fornicus (Mann.) are capable of flight, no informa- 
tion has been published to indicate whether the fe- 
males which take to flight are gravid. It has been 
observed that females of L. californicus ordinarily 
enter the soil soon after they are fertilized, and it is 
believed that they deposit the greater part of their 
eggs in close proximity to the place in the soil from 
which they originally emerged. At Parma, Idaho, in 
May, 1937, collections of L. californicus adults in 
flight were made by the use of a standard insect 
net. It was found that most of these insects were 
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field during the period April 30-May 29. It was 
again noted that the majority of beetles collected in 
flight were females. Maximum flight activity usu- 
ally occurred between 2 and 4 p.m. on still days 
when temperatures in the shade ranged from 70 to 
80 degrees F. The distances flown by the adults of 
Limonius californicus varied considerably, but in 
many instances, particularly on warm days, the 
beetles soared to a height of 30 feet or more and 
flew as far as the eye could follow, and beyond. Cool 
and windy weather following the flight of April 30, 
1938, prevented further flight until May 12. From 
May 12 to 26, flights occurred on 10 days, and there- 
after no flights of any consequence were observed. A 
record of the adults collected in flight during 1938 
and of the eggs subsequently deposited by the fe- 
males is given in table 1, at bottom of page. 

The 21 females collected on April 30 laid on an 
average 85.7 eggs each, with a range of 8 to 181. 
The average egg production for this species, over a 
period of years, is 175 eggs per female. Thus, the 
females which took to flight on April 30 were appar- 
ently still carrying about 50 per cent of their original 
quota of eggs. The females collected during the 1938 
flight season laid an average of 38.8. each, which is 
roughly 22 per cent of the normal egg production 
of this species in the Pacific Northwest. 

These findings seem to show that the spread of 
the sugar-beet wireworm from one locality to an- 
other is due to flight by the females carrying ap- 
proximately 50 per cent of their original quota of 
eggs.— 6-20-39. 

F. H. Sareck, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


Aphid Transmission of the Virus 
Causing White Streak of 
Narcissus 


White streak of narcissus has been recognized for 
approximately a decade (Chittenden 1933, Me- 
Whorter 1938), but it was not until 1939 that the 
disease was known to be caused by a virus.* Up to 


Table 1.—Limonius californicus adults collected in flight in 1938 and the egg production of the 


females after capture. 





Date oF 
COoLLECTON NUMBER NUMBER 
1988 or MALEs or FeMALes 
April 30 0 21 
May 12 18 228 
May 138 2 23 
May 14 $ 47 
May 20 0 13 
May 21 6 91 
May 23 ‘ 88 
May 24 1 14 
May 25 11 153 
May 26 l 64 
May 29 0 l 
Total 47 743 


Tora. AVERAGE NUMBER 
PERCENTAGI NUMBER O1 or Eaas 
oF FEMALES Ecas Per Femau 
100.0 1,799 85.7 
92.6 8,321 $6.5 
92.0 538 23.4 
92.1 1,606 4.2 
100.0 514 905 
93.8 +, 208 16.2 
95.6 $+. 687 53.2 
93.3 908 64.9 
93 .2 4,286 28.0 
98.4 1,973 80.8 
100.0 0 0.0 
94.0 28, 835 38.8 





females. A total of 35 of these females were placed 
in cans of moist soil in the laboratory, where they 
deposited on an average 39 eggs each. 

In 1938 a more extensive series of flying adults 
of this same species was collected daily in an alfalfa 


the present time there has been no mention of the 
manner in which this virus is disseminated under 
natural conditions. It is the purpose of this paper, 


* Unpublished manuscript by F. A. Haasis. 























October 1939 


ScIENTIFIC NoTEs 727 


Table 1.—Results of experiments with JIlinoia solanifolli and Aphis rumicis as vectors of the virus 


causing white streak of narcissus, 1938. 





VECTOR 





Illinoia solanifolti 
Check (no apids) 
Aphis rumicis 


Check (no aphids 


February 17 


May | to 10 


Date or TRANSFER* Location or CAaGEs 





Heaurny Nar- 
cissus PLANTS 
EXPoseEp, 
NUMBER 


PLANTS 
INFECTED, 
Per Cent 


Greenhouse 24 67 


Greenhouse 23 0 
Field 80 81 
Field 74 9 





* Symptoms of the disease appear following the year of inoculation. 


therefore, to report two species of aphids as vectors 
of the white streak virus, namely the potato aphid, 
Illinoia solanifolii (Ashm.), and the bean aphid, 
Aphis rum icis L.t 

In all transmission tests the aphids were placed 
directly into the cages containing both healthy and 
infected narcissus plants. This was accomplished 
by transferring small portions of the native host into 
the cages, from which the aphids were allowed to 
disperse freely. The narcissus plants used were all 
of the King Alfred variety. The potato aphids were 
grown on potatoes from a pure-line colony, originat- 
ing from a single aphid, and the bean aphids were 
taken from Rumer spp., the overwintering host. 

Aphids were not used in the control tests since 
some of the cages contained infected plants. 

The desirability of maintaining a permanent 
reference collection for the known vectors of plant 
pathogens has been suggested by Smith (1937); 
therefore, specimens from the type colony of Aphis 
rumicis have been preserved in the United States 
National Museum, under the accession number 
T. C. 6,631. 

In greenhouse tests with Jllinoia solanifolii, 67 
per cent of the plants became infected, whereas all 
the plants in the control lots remained healthy, 
table 1. In field tests with Aphis rumicis infections 
ranged from 75 to 90 per cent, with an average of 
81 per cent, and in the control lots from 5 to 13 per 
cent, with an average of 9 per cent. 

\ total of seven accidental infections appeared in 
the control tests involving 74 plants, table 1. It is 
not known just why these accidental transmissions 
occurred, but two possibilities are suggested in an- 
other paper{ on the mosaic disease of narcissus. 

On the whole, aphids are as effective in trans- 
mitting the virus causing white streak as they are in 
transmitting the virus causing narcissus mosaic 
(Blanton and Haasis 1939; also in unpublished 
manuscript by the same authors). Natural trans- 
mission was very high in some of the uncaged 
plants growing in the field adjacent to the caged 
plants. In 8 uncaged plots containing a total of 153 
plants the infection ranged from"25 to 85 per cent, 
with an average of 67 per cent.—7-13-39. 

F. S. Buanton, U. S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine. 
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Notes on the Sugar-Beet Root Aphid 
in California 


Although no special investigations have been 
made on the sugar-beet root aphid, Pemphigus betae 
Doane, by the writer, it seemed a rather interesting 
observation that in the Half Moon Bay area during 
1938 asexual viviparous forms were found every 
month on or about the roots of curly dock, Rumer 
crispus L., without any evidence of sexual forms 
being produced. No evidence of a sexual generation 
migrating to poplars was found arid poplars were not 
found within 10 miles of the area where populations 
on dock were maintained. This would seem to indi- 
cate that this species does not have to resort to the 
formation of sexual forms in this region, but is able 
to maintain itself through the continuous formation 
of asexual generations. 

Doane (1900), in describing Pemphigus betae from 
beets in Washington, reported that the winged forms 
appear during the summer and fly to other beets 
where they start new colonies. No migration to an- 
other host in winter was reported. In 1914, however, 
Parker (1914) in Montana was able to demonstrate 
the complex life history of this species and definitely 
trace its migration to poplars in the fall. Gillette & 
Bragg (1915) in Colorado were able to demonstrate 
migration to poplars during September and October 
and mentioned the work of Maxson in which he 
found that the form producing galls on poplars was 
found to be P. balsamiferae Williams. Maxson (1916) 
in rearing experiments was able to colonize spring 
migrants of balsamiferae on sugar beets and regarded 
balsamiferae Williams as a synonym of P. betae 
Doane, the latter having priority. Swain (1919) sug- 
gested that other species may be involved besides 
P. betae Doane on beets and other hosts during the 
summer. Essig (1929) reported the species as having 
a wide distribution in the western states and listed 
the summer and winter hosts. Gillette & Palmer 
(1934) pointed out the similarity of balsamiferae and 
betae, but mentioned that betae had not been found 
on poplars in its native territory. They reported 
balsamiferae as forming pocketlike galls on the un- 
derside of poplar leaves during the winter with 
migration to beets and Chenopodium in summer. 
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At Half Moon Bay the first alate from dock 
emerged February 25, 1938, in cellophane cages 
covering infested dock plants. Alates continued to 
emerge during March and again in September and 
October. Other docks in the same region, namely, 
Rumezx conglomeratus and R. salicifolius were not as 
vigorously attacked as crispus, which was un- 
doubtedly the preferred host. A few beets were 
planted experimentally in the Half Moon Bay area 
during 1938, but there was no evidence that the 
spread of infestations on dock could be attributed to 
this host. Alates were determined by Professor 
E. O. Essig as Pemphigus balsamiferae Williams 
(commonly known as P. betae Doane). 

It is hoped that these notes may help promote 
some further investigations in California on this 
group of aphids. The behavior of this species in 
Washington and California does not seem to be the 
same as in Colorado and Montana, which would 
either indicate biological differences in the same 
species due to differences in climatic factors or to 
the possibility that several species are involved. 
7-14-39. 

a 3 
Berkeley. 


Lance, Jr. University of California, 
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A Recent Pecan Pest, Cacoecia 
infumatana (Zell.) 


During the past 4 years, a tortricid identified by 
Carl Heinrich as Cacoecia infumatana has attracted 
much attention as a pest of pecans in Opelousas, 
La., and vicinity. The infestation was first observed 
in the spring of 1936 when several contiguous trees 
in Opelousas were completely defoliated by the 
larvae. These same pecan trees have been defoliated 
each spring since 1936 by C. infumatana, and, in 
addition, the infestation has spread to other trees 
in the town and to points as far as 25 miles from 
Opelousas. 

Of special interest is the fact that even though 
pecan trees are very numerous in the infested area, 
the infestation is very spotted, often with innumera- 
ble trees between infested points. It is not un- 
common to find one or more trees completely de- 
nuded of foliage, whereas surrounding trees may not 
contain even a single nest of larvae. 

Although the life history of this species has not 
been studied in detail, it appears that there is only 
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one generation a year. The eggs are laid on the 
branches during the latter half of May and hatch 
the following spring at the time when the leaf buds 
are opening—about April 1. The larvae are gre- 
garious, and a colony feeds inside of a nest that is 
composed of webbed-up leaves and small branches. 
Many of the larvae pupate in the nests, whereas 
others, especially if food becomes scarce before 
they are fully mature, craw! down the branches and 
trunks of the infested trees, spinning a continuous 
web as they go, and pupate on vegetation, on the 
base of the trees, on fences and other objects on or 
near the ground. Weeds growing under infested 
trees have been observed to be completely covered 
with a heavy web made by the caterpillars. The 
complete life history requires about 30 to 40 days, 
and when the adults emerge the females can be dis- 
tinguished readily from the males by their greatly 
distended abdomens, which contain mature eggs. 

The nests in which the larvae feed are thick and 
very dense, and when they are opened give off an 
obnoxious odor, which is due, no doubt, to the ac- 
cumulation of cast skins, parasitized and diseased 
larvae. 

No previous account of economic importance of 
this species has been found.—7-27-39. 

L. O. Exuisor, Louisiana Agricultural Experiment 
Station, University. 


Microterys titiani Gir., An Egg 
Predator of Lecanium corni 
Bouché 


In certain regions of California the European fruit 
lecanium, Lecanium corni Bouché, is a pest of major 
importance. The University of California Citrus 
Experiment Station has undertaken a project to 
introduce natural enemies of this scale from Europe 
in hopes of controlling it. Certain of the imported 
European parasites were found to be rather close 
taxonomically to parasites already reported from 
California. It was with interest, therefore, that early 
in June, 1939, a heavy infestation of L. corni on 
manzanita was taken near Idyllwild, Calif., and 
brought into the laboratory in order to rear the 
parasites. 

At this time the female scales were at the height 
of egg laying, and the area under the scale was 
generally filled with eggs. Somewhat surprisingly, 
however, chalcid larvae were found feeding on the 
eggs externally beneath the scale. At first they were 
mistaken for the larvae of Scutellista cyanea, 
Motsch., which they resembled closely and which was 
the only known egg predator working on lecanine 
scales in this locality. However, larvae were isolated 
in small glass cells with enough L. corni eggs to 
reach maturity and, instead of developing into 
Scutellista, the adults turned out to be Microterys 
titiani Gir. 

Silvestri (1919) has shown that another species, 
Microterys sylrius (Dalm.) occurring in Europe has 
this same habit of feeding externally to the scale on 
the eggs. The other known species of Microterys are 
endoparasites. Since Silvestri’s work does not in- 
clude a complete life history study, it may be of 
value to comment here, on that of M. titiani Gir 

Microterys titiani Gir. has been reared from the 
egg to the adult when isolated with eggs of Lecanium 
corni in small glass cells. The eggs are colorless to 
pale pink, closely resembling the coloration of the 
L. corni eggs. Because of this it often requires in- 
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tensive searching to find a Microterys egg which has 
heen deposited among the L. corni eggs. The egg of 
M. titiani is pedicellate, the over-all length is ap- 
proximately 0.40 millimeters, the body 0.23 milli- 
meters and the pedicel 0.17 millimeters. The width 
is approximately 0.09 millimeters. In comparison a 
L. corni egg averages about 0.32 millimeters in 
length and 0.14 millimeters in width. 

Immediately after hatching, the first instar larva 
starts actively feeding. It is a generalized, vermi- 
form larva having a peripneustic tracheal system. 
The following three instars differ from the first 
mainly in size. The fourth instar is followed by a 
prepupal stage which is distinguished from the 
fourth instar by a marked enlargement of the 
thoracic segments, the cessation of feeding and most 
movement, and a reduction in length. The meco- 
nium is cast by this stage just before entering the 
true pupal stage. Table 1 shows the approximate 
average sizes and length of time spent in each stage. 


Table 1.—Approximate average sizes of Micro- 
terys titiani Gir. larvae and length of time spent 
in each stage. 





Time LENGTH IN 
INSTAR Days* (MILLIMETERS 
First 2 0.48 (0.32-0.65 
Second l 1.00 (0.50-1.30 
Third l 1.28 (0.98-1.42 
Fourth + 2.25 (1.32-2.88 
Prepupa l 1.90 (1.75-2.08 
Pupa ba 1.68 (1.60-1.75) 
Total 17 





* Room temperature Riverside, California, June 24—July 153, 
1939 


The larvae of Microterys titiani are gregarious 
feeders, from 1 to 10 having been found beneath 
single scales. The adults emerge through an irregular 
hole gnawed usually near the base of the scale. The 
adult female apparently does not oviposit until 
later in the summer or fall, since the ovarioles re- 
main in an immature condition for at least two 
weeks after emergence.—” -30-39. 

Paut DeBacu, University of ¢ alifornia Citrus 
Experiment Station, Riverside. 
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Tandem Doses of Calcium Cyanide 
for Controlling Insects on Plants 


In November, 1936, the American Cyanamid and 
Chemical Corporation established an investiga- 
tional project with the Illinois Natural History 
Survey and the University of Illinois under the 
supervision of W. P. Flint and C. C. Compton. It 
was the aim of the investigation to (1) check, under 
known conditions, the results being reported by 
commercial users of Cyanogas and (2) to develop a 
more efficient method for the use of Cyanogas to 
control certain greenhouse insects. 
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To fulfill these aims the work was divided into 
three distinct phases, and although all the work 
was done concurrently only brief reports will be 
given here concerning the results of the regular 
weekly fumigation at 7- to 10-day intervals with 
light doses of Cyanogas and the results with stronger 
dosages of Cyanogas for shorter exposures. 

Briefly, the results of these tests were as follows. 

Two greenhouses were fumigated regularly at 7- 
to 10-day intervals with Cyanogas G-fumigant, one- 
fourth ounce per 1,000 cubic feet. The cumulative 
action of this series of fumigations resulted in very 
satisfactory control of fern scale, Hemichionaspis 
aspidistrae (Sign.); Mexican mealybug, Phenacoc- 
cus gossypii Towns. & CkIl., infesting chrysanthe- 
mums, kalanchoes and African violets; Florida red 
scale, Chrysomphalus aontdum (L.), infesting many 
varieties of palms and related plants; the greenhouse 
whitefly, Trialeurodes vaporariorum (Westw.), in- 
festing geranium and begonia; and the chrysanthe- 
mum aphid, Macrosiphoniella sanborni (Gill.), in- 
festing chrysanthemum. There was no apparent 
injury to the host plants mentioned. This treatment 
failed to control a common thrips, Thrips nigro- 
pilosus Uzel., infesting chrysanthemum; the citrus 
mealybug, Pseudococcus citri (Risso), infesting 
chrysanthemums, gardenias and kalanchoes; the 
grape mealybug, Pseudococcus maritimus (Ehrh.), 
infesting Asparagus sprengeri in hanging baskets; 
and the common red spider, Tetranychus telarius 
(L.), infesting many different greenhouse plants. 

A series of tests with heavy charges of Cyanogas 
G-fumigant at short exposures indicated that 2 
ounces of this material for each 1,000 cubic feet of 
space left in for 2 hours would give satisfactory con- 
trol of the citrus mealybug, Pseudococcus citri, on 
gardenias without injury to the plants. Such treat- 
ments were not satisfactory for the control of thrips, 
as the toxic concentrations were definitely in the 
burning zone for the host plants, in this case chrys- 
anthemums. 

Since Thrips nigro-pilosus were not controlled 
successfully by either of the foregoing methods, a 
series of tests was planned to determine whether 
these insects could be controlled without injuring 
chrysanthemum. 

A third phase of the work, fumigation chamber 
experiments, was handled almost entirely in a 1,000 
cubic foot fumigation chamber. The plants and in- 
sects were introduced frem greenhouse sources. For 
handling the thrips, cages were constructed by 
covering with organdy 2-inch openings in the ends 
of half-pint cardboard ice cream containers. The 
organdy was shellacked in position and the thrips 
could not escape from these containers, yet the gas 
could readily penetrate. Thrips could be kept alive 
in the cages for several days by fresh chrysanthe- 
mum leaves placed in the cages and a high humidity 
maintained by keeping one end of the carton above 
water while the other end was covered by glass. 
Standard Ball Mason jar lids were found convenient 
for water cups as the carton fitted over them nicely, 
while Petri dishes served well for the glass cover. 
Fumigated thrips were found to appear dead or 
quite stupefied immediately following the treatment, 
regardless of its strength; hence all thrips were held 
at least 4 hours before counts were made to deter- 
mine per cent of control. Both adult and immature 
thrips were used and in some cases separate results 
were taken to check the relative susceptibility of the 
different aged insects to cyanide gas. 

Some workers have indicated that the degree of 
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maturity is an important factor in thrips control. 
Past results have indicated that adults were more 
readily killed by cyanide than were the nymphs. 
This is contrary to my results, which indicate that 
there is not much difference in their resistance, but 
any difference there is seems to be in favor of the 
adults since they were a little more difficult to con- 
trol than the nymphs. 

Many dosage and exposure combinations were 
tried, but regardless of the combination, injury oc- 
curred on the chrysanthemums if a worthwhile kill 
of thrips was obtained. Since it seemed impossible to 
control thrips on chrysanthemums by conventional 
use of Cyanogas, and since it was noted repeatedly 
that fumigated thrips, regardless of the dose, al- 
ways appeared dead immediately following the ex- 
periment, I decided to try something different by 
subjecting the insects to successive charges of gas, 
any one of which was too weak to give satisfactory 
control. This method I have termed “tandem” 
fumigation. The charges of gas were separated by 
intervals of ventilation, the timing regulated so that 
the successive charge would catch the insects just 
as they were recovering from their stupor. It was 
thought, too, that the plants would not be so greatly 
injured if they were aired between charges. 

The results of tests with this tandem method were 
very encouraging, although much was left undeter- 
mined because of the time-consuming nature of this 
work and because of the large number of possible 
variables. No help could be gained from the litera- 
ture and hence many errors were made. It is hoped 
that from this start someone may develop a method 
of controlling more resistant insects on the more 
susceptible plants. It must be kept in mind that this 
work is only preliminary and the results only an 
indication of what may be possible. 
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To illustrate the advantage of the tandem method, 
the following results are reported: Thrips were 
fumigated with one-half ounce Cyanogas G-fumigant 
for 1 hour without any control; yet slight tip burn 
resulted on chrysanthemums. Thrips and plants 
fumigated for an hour with one-half ounce, then 
aired for 3 hours and subjected to another fumiga- 
tion exactly like the first showed 28.4 per cent con- 
trol, and the chrysanthemums were none the worse 
burned. Thrips and chrysanthemums thus treated 
and then aired 2 more hours and fumigated showed 
89.6 per cent control of thrips; yet the chrysanthe- 
mums treated in this way were still not burned more 
than were those subjected to only one charge of 
gas. 

Several other experiments conducted in a similar 
manner gave very encouraging results. That is, the 
increase in control was always noticeable while the 
effect on the plants was about the same whether 
they were exposed once or three times. Although 
satisfactory control was never obtained without 
some injury to the host plants, the tandem method 
gave results much nearer to the desired goal than 
was obtained by the conventional method. Regard- 
less of the rather encouraging results obtained in 
these fumigation chamber tests, a great deal of time 
would be necessary to develop this technique to a 
point of usefulness, and even though it were possi- 
ble to use this method it still has several obvious 
disadvantages. First of these would be the diffi- 
culty of getting the greenhouse men trained to use it 
properly. Second, it requires more of the operator's 
time. Its use is mentioned here only because I be- 
lieve it widens the range of possibilities for insect 
control on plants with cyanide.—8-5-39. 

W. E. McCautey, Illinois Vatural History Sur- 
vey, Urbana. 
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A Half Century of Achievement 


IN a recent issue of the JouRNAL OF 
Economic Entomo.oey, Professor J. 5. 
Houser commented on the increasing 
demand made upon professional ento- 
mologists from a variety of sources. This 
timely note suggests some comment on 
the growth of entomological activities 
during the past half century, a period rep- 
resenting the life of the Association of 
which the JouRNAL is the official organ. 

It takes only a cursory review, at least 
for those of us who have had the oppor- 
tunity to watch this growth for any con- 
siderable period, to make us appreciate 
what wonderful strides our branch of 
knowledge and service has made in the 
passing years. Fifty years ago the first 
annual meeting of the Society of Eco- 
nomic Entomologists was held at Wash- 
ington. A year later I attended the meet- 
ing at Urbana, where the JouRNAL is now 
edited. The attendance there was re- 
corded as 24; 10 of those in attendance 
are, I believe, still living, which speaks 
well for the longevity of entomologists. 
At our recent annual meetings the num- 
ber in attendance has been in the hun- 
dreds, and the men engaged in profes- 
sional work in entomology are numbered 
by thousands. This expansion holds not 
only for the United States and Canada 
where there has been tremendous growth, 
but for many other countries, probably 
most conspicuously in the British Em- 
pire, where the Imperial Bureau of En- 
tomology has made notable advances. 
While it is impossible in a short space to 
review the different phases of growth in 
detail, it will serve to illustrate the point 
by citing some of the more striking cases. 

Fifty years ago only a very few colleges 
were giving instruction in entomology 
and that in very limited courses. Now 
practically every important university 
and many colleges are giving such in- 
struction and many carry such work to 
the doctor of philosophy degree. In 
medical science there has been a notable 
increase in recognition of insect-caused 
disease or of insect vectors for many 


pestilential forms. Practically the whole 
history of modern biological control is 
included in the half century, and many 
other phases of control based on ecologic 
grounds have had their most important 
advances within this period. 

In the special fields of forest entomol- 
ogy and cotton pests, truck crop insects, 
citrus orchard pests, insects affecting 
man and animals, and household pests 
the lines of work and number of trained 
workers have been increased many fold. 

Expansion in such lines has been ac- 
companied by a large expansion in ouput 
of bulletins, journals, books, circulars 
and leaflets for the dissemination of 
knowledge about insects and their con- 
trol. 

The tremendous growth of the insecti- 
cide manufacturing industry from almost 
zero to a business involving many mil- 
lions of dollars is impressive from the 
commercial point of view. In addition to 
the insecticide manufacturing industry, 
there is now an extensive business carried 
on by firms engaged in protection of shade 
trees and ornamental shrubbery; in ter- 
mite control, house fumigations, mill 
pest control and others of perhaps less 
importance. 

The manufacture of insecticide ma- 
chinery, starting with crude hand pumps 
and simple nozzles, has developed into 
a large industry involving a great variety 
of sprayers and dusting machines with 
power methods of distribution, both on 
the land and in the air. 

The age old branch of apiculture has 
seen many improvements. Inspection 
and quarantines have had their growth 
and applications all within the history of 
our Association and much of it due to 
the persistent and judicious efforts of its 
members. 

We may well query, what of the future? 
Probably no one will venture any forecast 
without reservations. It is most obvious 
that recent discoveries have served simply 
to disclose unending vistas of needed re- 
search and it should follow that there will 
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be demand for trained workers in ever 
increasing numbers. Teachers, research 
men in national and state service, exten- 
sion agents and workers in increasingly 
large numbers in private commercial or- 
ganizations would seem a necessity if our 
civilization and the control of insects, 
often cited as humanity’s greatest menace 
are to be carried forward successfully. 
‘gw Perhaps a larger part of the cost of 
such service must rest upon the individ- 
uals calling for it. The national and state 
services cannot be expected to expand 
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indefinitely or to cover every demand for 
personal assistance. These may be limited 
to wide-spread outbreaks and the study of 
broad basic problems of national or state- 
wide importance. There should be a place 
for the trained expert in control measures, 
and his compensation should rank with 
that of the consulting chemist or engineer 
whose function in society has long been 
recognized. Advances in this direction 
appear to be on the way and deserving of 
sympathetic support.—9-29-39. 
HERBERT OsBORN 


REVIEWS 


Nomenclator Zoologicus: A list of the names of 
genera and subgenera in zoology from the tenth 
edition of Linneaus, 1758, to the end of 1935; in 
four volumes. Edited by Sheffield Airey Neave. 
Published by the Zoological Society of London, 
Regent’s Park, London, N.W. 8. 8 guineas, post 
free. 

This volume lists alphabetically all the generic 
names in zoology from Linnaeus to the end of 1935 
and will be a great boon to all taxonomists in the 
field of zoology. The first volume has now appeared 
and comprises the letters A to C, inclusive; the re- 
maining three volumes are planned to appear at 
intervals of about 6 months. 

Entomologists should find great use for this work, 
especially those engaged in taxonomic fields. In the 
selection of new names for genera, there is always 
the danger that, unless checked against some reli- 
able source such as this Nomenclator, the name 
will have already been used in zoology. The result- 
ing confusion and inconvenience can be eliminated 
to a large extent by the exercise of a little care on 
the part of the describer. As an aid to this sort of 
thing we are very glad, indeed, to see the appearance 
of this work by Dr. Neave. This, of course, is by no 
means the first of its kind but brings the comprehen- 
sive listing of these names down to a later date than 
any other volume.—7-21-39. 

H. H. Ross, Illinois Natural History Survey, 
Urbana. 


Principles of Forest Entomology, Second Edition, 
by S. A. Graham. Pages i-xvi, 1-410, 165 text 
illustrations. McGraw-Hill Book Co., Inc., New 
York, N. Y., 1939. 

This most welcome revision of an important and 
exceedingly valuable work is, like the earlier edition, 
primarily ecological. It is a discussion of cause and 
effect in relation to insect injuries in American for- 
ests and the possibilities of reducing or limiting 
damage under woodland conditions. If it be granted 
at the outset that direct control measures are too 
costly in the average forest, it follows that control 
must be achieved largely by forest management or 
forest practices, and it is to this end that the author 
addresses himself largely; in the reviewer's judgment 
he is abundantly justified. A concrete illustration of 
this appears on pages 244 and 245 in a tabular and 
diagrammatic presentation of Keen’s Ponderosa Pine 
Classes and Risks, a condition which is found in one 


form or another in other as well as forest trees. 

This book is the only text on forest entomology 
strictly applicable to North American conditions. 
The revision brings the volume down to date and 
includes, among other matters not appearing in the 
original volume, a summary account of contem- 
porary work and workers in America, historical mat- 
ter of much interest to the younger entomologists 
and foresters. The chapter on insect abundance with 
its discussion of biotic balance and the relation be- 
tween abundance and environmental factors has 
been largely rewritten to include the results of in- 
vestigations in the past decade. The same is true of 
the account of termites, the discussion of bark 
beetles and insect-caused losses 

New accounts add to the value of the revision; 
namely, several pages on quarantine and embargoes, 
and inspection and certification, a brief discussion of 
the part these methods play in preventing the dis- 
semination and rapid spread of destructive forest 
insects. 

Discussions of the Pandora moth, the European 
pine shoot moth, the European spruce sawfly and 
Melanophila beetles are also new additions. There is 
a new chapter dealing with some indirect effects of 
forest insects such as insects and wood rots and 
stains, insects and parasitic fungi and insects and 
virus diseases, followed by a brief survey of possible 
future developments. In the discussion of wood de- 
stroyers, a subhead for the horntails appears to have 
been inadvertently dropped. An extensive bib- 
liography and an excellent index add greatly to the 
value of the work. 

We have in this revision a comprehensive dis 
cussion of the principles which should guide the for- 
est entomologist and the forester in determining 
operations in the future. The problems may change 
somewhat from decade to decade because of in- 
creased abundance of species previously of little 
importance in forests or, as has occurred in the past 
decade, because of the introduction and rapid multi- 
plication of insects from other countries. Experi- 
ences with these latter indicate to some extent the 
possibilities of silvicultural practices and suggest 
that introduction of natural enemies may play an 
important part in controlling introduced pests. The 
reviewer recommends the volume unhesitatingly to 
all who must solve problems falling within the 
scope of this work.—8-31-39. 

E. P. Fer, Bartlett T ree Re search Laboratories, 
Stanford, Conn. 
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OBITUARY 
John Harney Lovell 1860-1939 


Born at Waldoboro, Me., October 21, 1860, John 
Harney Lovell was educated at Amherst College, 
taking his bachelor’s degree there in 1882 and his 
master’s degree in 1899. 

He was the author of several publications. The 
most important were The Flower and the Bee, pub- 


lished in 1918, and Honey Plants of North America, 
published in 1926. 

He was widely known as a botanist, apiculturist 
and horticulturist. He was biological editor of ABC 
and XYZ of Bee Culture, 1926. 

He died August 2, 1939. 





Heinrich Hugo Karnp 1886-1939 


Heinrich Hugo Karny was born in 1886 and died 
in 1939. He was granted a Ph.D. from Vienna in 
1909 and the degree of M.D. in 1915. Known prin- 
cipally as an entomologist, he did some work in 
general zoology. He was the author of many compre- 
hensive papers on various groups of the Orthoptera, 
including a Genera Insectorum fascicle on the Gryl- 


lacrididae. He also published important papers on 
Thysanoptera and Corrodentia. He was an author of 
Biologie der Wasserinsekten, published in 1934. From 
about 1919 to 1930 he was Zoologist in the Zoological 
Museum, Buitenzorg, Java. Afterwards, at Graz, 
Austria, now Germany, he was a tutor in the Karl 
Franzens University. 


CURRENT NOTES 


RETIREMENT oF E. C. Van Dyke 


After 26 years of service, Dr. E. C. Van Dyke, 
Professor of Entomology at the University of 
California, retired with the title emeritus on July 1, 
the Experiment Station Record reports. He will be 
succeeded by Dr. E. O. Essig, whose work will be 
taken over by Dr. Guy F. MacLeod, Professor of 
Economic Entomology at Cornell University. 
Dr. E. Gordon Linsley has been added to the Uni- 
versity of California staff as an instructor and will 
be stationed at Berkeley. Dr. Robert L. Usinger has 
been added to the staff in a similar capacity and will 
be located at Davis. 


ANNUAL MEETING OF ENTOMOLOGK AL 
SOCIETY OF ONTARIO 


The Seventy-sixth Annual Meeting of the En- 
tomological Society of Ontario was held November 
2-4. Headquarters for the meetings were at the 
Chateau Frontenac. 

The local committee, under the chairmanship of 
Dr. George Maheux, arranged special features and 
entertainment such as a visit to the Rangers’ School 
at Duchesnay and a tour of historical Quebec. This 
was the first meeting of the society to be held in the 
city of Quebec. 


Eppy APPOINTMENT ANNOUNCED 


Announcement has recently been made of the 
appointment of Brayton Eddy, lecturer on en- 
tomology, as Administrator of the Office of En- 
tomology for the state of Rhode Island. 


KEARNS TO TEACH 


Dr. C. W. Kearns, who for the past 4 years has 
served as Special Research Assistant in the Illinois 
Natural History Survey and Illinois Agricultural 
Experiment Station resigned in August to join the 
staff of the Department of Entomology at the Uni- 
versity of Illinois. 

Dr. Kearns will work especially in the field of 


insect toxicology and plans to continue his research 
in the development of organic insecticides. Dr. 
Kearns received his bachelor’s degree from Colorado 
State College, his Master of Science and Doctor of 
Philosophy from the University of Llinois. 


ASSISTANT TO LEE A. STRONG 


Dr. John T. Creighton, Head of the Department 
of Entomology of the University of Florida, was ap- 
pointed Consultant and Adviser to Dr. Lee A. 
Strong, Chief of the Bureau of Entomology and 
Plant Quarantine, U.S. Department of Agriculture, 
for the period May 24 to September 15, 1939. Dur- 
ing this period Dr. Creighton made a survey of all 
maritime, Mexican and Canadian border ports of 
entry for the Division of Foreign Quarantines. A 
report is now being formulated which will include 
specific recommendations. 


New Section 1N Biological 
Abstracts 


Entomologists, horticulturists and foresters, often 
concerned with the interrelationships of climatic and 
meteorological factors to the organisms with which 
they work, will welcome the announcement that 
Biological Abstracts is undertaking to set up a new 
section, Bioclimatology-Biometeorology, to appear 
within the section Ecology under the editorship of 
Robert G. Stone of the Blue Hill Observatory of 
Harvard University. Institution of this new section 
should assure a more nearly complete abstracting 
and segregation of current literature in bioclima- 
tology and biometeorology. 


Mexican BEAN BEETLE 
IN LOUISIANA 


The first Mexican bean beetle infestation in 
Louisiana occurred in the extreme eastern part of 
the state at Bogalusa late in 1938, C. O. Eddy, En- 
tomologist reports. The infestation has increased 
thus far in 1939 to occupy the entire city, an area 
of four miles in diameter. 








BEcNEL TO LOUISIANA AGRICULTURAL 
EXPERIMENT STATION 


I. J. Beene] of Lucy, La., joined the staff of the 
Louisiana Agricultural Experiment Station as Assist- 
ant Entomologist in June, 1939. He is in charge of 
research on cotton and citrus pests. Mr. Becnel is a 
graduate of Louisiana State University, where he 
received his master of science degree in 1932. He 
spent the year 1938-39 at Ohio State University 
doing work toward his Ph.D. degree. 


HORTICULTURAL 


Tue Bureau of Entomology and Plant Quaran- 
tine, U. S. Department of Agriculture, has an- 
nounced the revocation of the Woodgate rust 
quarantine, which since 1928 has prohibited the 
interstate movement of Scotch pines and other hard 
pines from an area in northern New York. Observa- 
tions of the past several years have shown, the 
notice states, that the rust does not spread aggres- 
sively, and the disease is not believed to constitute 
a sufficiently serious menace to warrant the con- 
tinuation of the quarantine. The revocation was 
made effective July 31, 1939. 


CERTIFICATION requirements for specified articles 
consigned from certain parts of the areas regulated 
under the white-fringed beetle quarantine were 
lifted until February 1, 1940, by the Bureau of 
Entomology and Plant Quarantine, U. S. Depart- 
ment of Agriculture, through revisions of circular 
B.E.P.Q. 485 on July 7 and again on July 28, 1939. 
It has been determined that sanitary measures and 
natural conditions have so reduced the risk of con- 
tamination with the egg or adult stage of the beetle 
as to render certification unnecessary during the 
period stated. 


Two important foreign plant quarantine con- 
ferences were held in June, 1939, one at New Orleans 
on June 8-10 to discuss maritime foreign plant 
quarantine problems in the Gulf States, and one at 
El Paso on June 16-17 to consider foreign plant 
quarantine problems on the Mexican border. The 
first conference was attended by inspectors from 
Brownsville, Galveston, Houston and Port Arthur, 
Tex., New Orleans, La., Mobile, Ala., Pensacola, 
Tampa, Key West, Miami, West Palm Beach, 
Jacksonville and Gainesville, Fla., Charleston, 
S. C., San Francisco, Calif., and Washington, D. C. 
The second was attended by district leaders from 
Brownsville, Laredo and El Paso, Tex., Nogales, 
Ariz., and San Francisco, Calif. 


Tue registration fee of $10.00 previously required 
of all out-of-state nurserymen in shipping to Vir- 
ginia was abolished effective September 1. All ship- 
ments to that state must, however, continue to be 
accompanied by the Virginia tag. 


Laws of the state of Maine relating to the pro- 
tection of trees and shrubs as amended in 1939 
define nursery stock as “all florist stock, trees, 
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New ASSISTANT AT ILLINOIS 


Robert Traub, a graduate of the College of the 
City of New York, with a master’s degree from 
Cornell University, has been appointed as Assistant 
in the Department of Entomology at the University 
of Illinois. He has previously served as Assistant 
in Entomology at Cornell University, as Instructor 
in Biology in the College of the City of New York 
and has had experience in the American Museum of 
Natural History. Mr. Traub expects to conduct 
research on the Siphonaptera. 


% 


. 
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shrubs, vines, fruiting plants, cuttings, grafts, scions 
and buds, both deciduous and evergreen, grown for 
sale or propagation, also herbaceous perennials, 
bedding plants, roots, corms, bulbs, tubers, potted 
plants and cut flowers, and all other plant and plant 
products for, or capable of, propagation, excepting 
field crops, vegetable plants, and vegetable and 
flower seeds.” 


Tue Missouri quarantine relating to the phony 
peach disease, which was revised effective June 15, 
1939, conforms both in area and nature of restric- 
tions, to standardized quarantines with respect to 
this disease. 


Kupzv plants or crowns shipped into Alabama, 
or within the state, must be accompanied by a 
special certificate for which a registration fee of 
$1.00 is required under regulation 5 of the Alabama 
Department of Agriculture and Industries. This 
regulation became effective June 23, 1939. 


REeceENT visitors at the Washington offices of the 
Bureau of Entomology and Plant Quarantine, U. S., 
Department of Agriculture, were H. A. U. Monro 
Supervising Inspector in charge of the Fumigation 
and Inspection Station of the Canadian Department 
of Agriculture at Montreal, who was studying 
methods of fumigation as applied to plants and plant 
products as a condition of entry, Mr. Luis A. 
Catoni, inspector in charge of the Porto Rican 
Inspection Service, whose interest was the inspec- 
tion and treatment procedures as applying to plants 
and plant products. 


TRANSPORTATION into Arkansas of vetch seed 
grown in states in which the vetch weevil is known 
to occur will hereafter be prohibited unless an 
official tag showing that the seed has been fumi- 
gated is sealed to each bag, according to a notice 
dated August 25, 1939, from the Arkansas State 
Plant Board. Vetch from states in which the weevil 
has not been found need not be fumigated but there 
must be sealed to each bag an official tag showing 
that it was grown in a weevil-free state, the notice 
further states. 


W. W. Woop, who had 14 years of experience in 
foreign plant quarantine work and who for the past 
year had been in charge of that work at the port of 
Seattle, Wash., passed away on April 21, 1939. Mr. 
Wood was succeeded by Louis M. Scott. 




















PROCEEDINGS OF THE FOURTEENTH ANNUAL MEETING 
COTTON STATES BRANCH, AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 
Hillsboro Hotel, Tampa, Florida, February 20-23, 1939 


The Fourteenth Annual Meeting of the 
Cotton States Branch of The American 
Association of Economic Entomologists 
was held in Tampa, Fla. on February 
20, 21, 22 and 23, 1939. This meeting 
was held in conjunction with the Fourth 
Annual Florida Entomological Confer- 
ence which is sponsored by the Newell 
Entomological Society of the University 
of Florida. The official hosts for the meet- 
ing were the Florida Entomological So- 
ciety and the Newell Entomological 
Society. The attendance was the greatest 
in the history of the branch; 166 signed 
the attendance record. 

On Monday evening, February 20, an 
informal smoker was held for the men in 
the Arbor Room of the Hillsboro Hotel, 
while a bridge party was given for visiting 
ladies on the mezzanine. The latter func- 
tion was given in honor of Mrs. Wilmon 
Newell, wife of the Provost of Agriculture 
of the University of Florida. Other en- 
tertainment features provided for visiting 
ladies were a Florida West Coast motor- 
cade tour, an informal bridge party, a 
tea given by the University of Tampa 
Women’s Club, a motorcade tour of 
Tampa and special races at the Sulphur 
Springs race track. 

The annual banquet was in the nature 
of a dinner dance and was held in the 
Columbia Restaurant of Ybor City on 
Tuesday evening, February 21. An elabo- 
rate floor show was presented. This was 


* sponsored by the Florida Institute of 


Agricultural Research. Frank L. Holland, 
manager of this Institute, was master of 
ceremonies. 

Wednesday was devoted to a bus tour 
of the Central Florida Citrus Section; 
100 persons attended. The members of 
the tour visited the Florence Villa Pack- 
ing House, Cypress Gardens, Bok Tower 
and The Citrus Experiment Station. 
Arthur F. Camp and John T. Creighton 
were in charge of the tour. At the Citrus 
Experiment Station the entomologists of 
this station presented a 3-hour spray 
demonstration dealing with the control of 


citrus pests. W. L. Thompson was in 
charge of this feature. 

The chairman, Dr. C. O. Eddy of the 
Louisiana Experiment Station did not 
present his scheduled paper on “The 
Relation of Entomology to Southern 
Agriculture,” but forcibly discussed a 
matter of immediate importance to the 
Cotton States Branch. This concerned 
the selection of the place for annual 
meetings. 

Following this presentation a motion 
was made that the 1940 meeting of the 
Cotton States Branch be held in conjunc- 
tion with the annual meetings of the Asso- 
ciation of Southern Agricultural Work- 
ers, but that detailed discussions of this 
matter be deferred until next year. This 
motion was favorably acted upon by the 
membership. 

A motion was then made that a busi- 
ness session be held annually near the 
middle of the program and that the execu- 
tive committee be authorized to select 
the most suitable time. This likewise was 
favorably received by those present. 

President E. R. Sasscer of the parent 
organization contributed a great deal to 
success of the annual meetings. He 
brought greetings and presided over one 
session. Mr. Sasscer attended many of 
the sessions and took part in a radio 
broadcast over station WDAE. Others 
taking a part in this broadcast were Dr. 
Dr. Lee A Strong and Dr. J. H. Mont- 
gomery. 

The Citrus Symposium on Tuesday 
afternoon, February 21, was one of the 
highlights of this year’s convention. J. R. 
Watson of the Florida Experiment Sta- 
tion served as leader. Discussions dealt 
with problems involved in the use of 
insecticides, cultural practices and their 
influence upon citrus insects, and the 
natural and biological control of citrus 
pests. 

A total of 57 papers was presented. 
These included treatises on pests of cot- 
ton, citrus, peach, grain crops, peanuts, 
livestock, sugar cane, corn, gladiolus, soy 
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bean, forest products, pepper, sweet 
potato and household pests. 

Two papers that attracted widespread 
interest were given by Dr. Wilmon 
Newell, Commissioner of the Florida 
State Plant Board, and Dr. Lee A Strong, 
Chief of The Bureau of Entomology and 
Plant Quarantine. The former dealt with 
the apparent successful eradication of 
blackfly from the Island of Key West, 
Florida. The latter treated the present 
status of the pink bollworm of cotton. 

The membership accepted and indorsed 
a set of resolutions relative to the future 
control and quarantine activities which 
are to be directed at this cotton pest. The 
resolutions were as follows: 

Wuereas, The pink bollworm of cotton 
is now known to exist in the states of 
Texas, Arizona, New Mexico and Florida, 
and 

Wuereas, This insect is known to 
exist in Mexico and this infestation serves 
as a constant threat of reintroduction 
into certain areas in the United States 
where the insect has been previously 
eradicated, and 

Wuereas, This insect is considered to 
be the most destructive insect attacking 
cotton, and 

Wuereas, There are no known in- 
secticides that will control this insect, and 

Wuereas, This insect is apparently 
now getting out of control and threatens 
to invade and establish itself in the main 
cotton belt of the United States with the 
known results that it will mean practically 
the elimination of the profitable produc- 
tion of cotton, and 

Wuereas, It has been demonstrated 
that the pink bollworm can be eradicated 
by restrictive or regulatory practices for 
the reason that this insect has been 
eradicated by using such measures in 
portions of the states of Texas, New 
Mexico, Arizona, Louisiana, Georgia and 
Florida, therefore be it 

Resolved, By the Cotton States Branch 
of the American Association of Economic 
Entomologists, the membership of which 
is made up of entomologists of every 
major cotton growing state in the United 
States, in a regular meeting in Tampa, 
Florida, on February 3, 1939, that the 
members of the Branch urge Congress to 
authorize the U. S. Department of Agri- 
culture to work with the Mexican govern- 
ment to determine if it is feasible to eradi- 
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cate the pink bollworm from the North 
American continent and if so to work out 
a ways and means to carry out such a 
program and the financing of such a pro- 
gram. Be it further 

Resolved, Pending such negotiations 
with Mexico, that Congress be urged to 
appropriate sufficient funds to hold this 
pest in check in Southern Texas to meet 
the serious emergency now existing there. 
Be it further 

Resolved, That each member of the 
Cotton States Branch of the American 
Association of Economic Entomologists 
write each member of his respective Con- 
gressional delegation urging the above 
mentioned action, and that the Secretary 
of the Cotton States Branch be instructed 
to send a copy to Honorable Henry A. 
Wallace, Secretary of Agriculture, Dr. 
Lee A. Strong, Chief, Bureau of En- 
tomology and Plant Quarantine, U. S 
Department of Agriculture, to each mem- 
ber of the Cotton States Branch of the 
American Association of Economic En- 
tomologists, and to the Secretaries or 
Commissioners of Agriculture of each of 
the major cotton growing states. 

Dr. W. S. Blatchley of Indiana and 
Florida was presented on Tuesday morn- 
ing and gave an interesting discussion of 
his experiences as an entomologist. He 
was presented by Franklin Sherman. 


BustnEss PROCEEDINGS 


The first business session was called to order at 
9:12 a.m., Tuesday, February 21. Dr. C. O. Eddy, 
Chairman, was presiding. The following were pres- 
ent: 


M. L. Anderson 


P. N. Annand 
F. S. Arant 


W. P. Dean 
Wallace Dekle 
G. V. Dillard 


C. A. Bass E. W. Dunnam 
E. W. Berger C. O. Eddy 
J. A. Berly L. L. English 


G. B. Fehmerling 
Alfred Fenton 

L. C. Fife 

W. S. Fletcher 
John Frederick 
B. R. Fudge 

A. L. Galloway 
P. M. Gilmer 

J. H. Girardeau 


J. L. Bigham 
G. L. Bond 
Edwin Booth 
G. H. Bradley 
K. E. Bragdon 
K. P. Bragdon 
M. R. Brown 
W. G. Bruce 
E. K. Bynum 
O. L. Cartwright P. A. Glick 

F. S. Chamberlin J. C. Goodwin 
H. S. Chubb A. L. Hamner 
J. C. Clark R. W. Harned 
S. W. Clark J.S. Haeger 
R. P. Colmer Roy Haufler 
J. T. Creighton Homer Hixson 
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October 1939 


C. F. Rainwater 

R. T. Rawlings 
Richard Remington 
G. D. Reynolds 

R. G. Richmond 


J. K. Holloway 
N. F. Howard 
W. P. Hunter 
J. W. Ingram 
M. J. Jones 


M. P. Jones C. S. Rude 
W. L. Kersey J. C. Russell 
W. V. King E. R. Sasscer 


F. Sherman 

O. I. Snapp 

J. K. Sparkman 
H. Spencer 

J. R. Springer 
C. F. Stahl 
Walter Stirling 
H. L. Sweetman 
M. C. Swingle 
D. J. Taylor 

J. N. Tenhet 

A. N. Tissot 

W. L. Thompson 
H. A. Thullberry 
J. N. Todd 

J. P. Toffaleti 

B. V. Travis 
Joseph Tremble 
M. C. Van Horn 
Harold Waters 
J. R. Watson 

J. S. Whittington 
J. W. Wilson 

C. B. Wisecup 
M.S. Yeomans 
W. W. Yothers 
H. C. Young 

L. V. Ziegler 
Tillman Zeigler 


J. P. Kislanko 
Tommy Kloos 

R. A. Knight 

W. W. Lawless 
J. E. Lee 

Clay Lyle 

T. E. MeNeel 
W. D. Mankin 
J. E. Maxwell 

H. Mayfield 

W. H. Mecom 
Jack Melton 

G. B. Merrill 

Z. P. Metcalf 

R. L. Miller 

J. H. Montgomery 
Milledge Murphy 
W. C. Nanney 
G. P. Naquin 

W. C. Nettles 
Wilmon Newell 
M. R. Osburn 

C. M. Packard 
L. J. Padgett 
Arthur Pasternak 
N. D. Peets 

P. D. Peterson 
A. M. Phillips 

R. D. Potter 


Chairman Eddy called for a report of the Secre- 
tary-Treasurer. The report was as follows: 


REPORT OF THE SECRETARY- 
TREASURER 


The number of members in the Cotton States 
Branch on December 31, 1938, was 191. There was 
a net increase of four members during the year, 
after removing the names of those who moved out 
of the Branch territory or were dropped by the 
parent Association. The membership has shown a 
yearly increase since the period 1930-35 which was 
one of gradual decrease. 

The number of members by states on December 
$1, 1938, was as follows: Texas, 47; Florida, 31; 
Louisiana, 30; Mississippi, 21; Georgia, 14; North 
Carolina, 12; South Carolina, 12; Alabama, 8; 
Arkansas, 6; Oklahoma, 5; and Tennessee, 5. The 
following states showed a net increase during the 
year: Florida, 5; Louisiana, 4; Mississippi, 2; 
Oklahoma, 2; Alabama, 1. Net decreases during the 
year were as follows: Texas, 5; Georgia, 3; and 
Tennessee, 2. There was no change in the number 
of members in the states of North Carolina, South 
Carolina and Arkansas during the year. There are 
several hundred entomological workers in the 11 


Cotton States who are still not members of the . 


American Association of Economic Entomologists, 
and members of the Branch should encourage these 
men to file application for membership in the parent 
Association. Lists of these workers will be gladly 
furnished upon application to the Secretary of the 
Cotton States Branch. 

On January 6, 1939, the Secretary sent to each 
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member of the Branch an invitation to participate 
in the regular annual meeting in Tampa, Fla., on 
February 21-23, 1939. The program for that meet- 
ing was mailed to each member on February 10, 
1939. A letter of greetings and felicitations from the 
Branch and a special invitation to attend the Tampa 
meetings was sent to the Texas Entomological So- 
ciety in annual session at Dallas, Tex., February 
9-11, 1939. The proceedings of the thirteenth an- 
nual (New Orleans, La.) meeting of the Cotton 
States Branch were published in the December, 
1938 (Vol. 31, No. 6) issue of the JourNaAL or 
Economic EntomoLocy, and a report on the 
twelfth annual (San Antonio, Tex.) meeting was 
published in the February, 1938 (Vol. 31, No. 1) 
issue of that Journal. A report on the last annual 
meeting of the Branch was read by the Secretary 
at the Richmond meeting of the parent Association 
on December 28, 1938. 

Annual dues in the Cotton States Branch are 
$1.00. Fifty-seven of the 191 members have paid 
dues for 1938, and only eight members have paid 
their 1939 dues which are now payable. 


FINANCIAL STATEMENT, CoTTON STATES 
Brancu, AMERICAN ASSOCIATION OF Eco- 
NoMIC ENToOMOLOGIsTs, FEBRUARY 3, 
1938 tro Fespruary 20, 1939 
Funds Received 


1938 

Feb. 3 Amount on hand.............. $162.89 

Feb. 21 American Association of Eco- 
nomic Entomologists......... 27 .52 
te ee ere 33.00 

1933 annual dues from one mem- 
RE ea te RE 1.00 

1934 annual dues from one mem- 
b hinas ao mae he ee 1.00 

1935 annual dues from one mem- 
D cakuanta ct ckere ruses 1.00 

1936 annual dues from two mem- 
BR re eee Bee a 2.00 


1937 annual duesfrom4 members 4.00 
1938 annual dues from 53 mem- 


1939 


Jan. 1 Interest on deposit in Savings De- 
partment of First National 
Bank, Atlanta, Ga., from Jan- 
uary 1, 1938 to December 31, 


NG 6 six «5.0 & hae ee ate nee 1.70 
Contributions............ ———— 
1938 annual duesfrom8 members 8.00 


Amount received during year. . $301.11 


Funds Expended 
1938 


Feb. 10 Harcol Motion Picture Indus- 
NNN Bs icc caw es case ntaes $ 5.00 
Feb. 11 Expense incurred at the 1938 
(New Orleans, La.) meeting. 
(By order of the Executive 
ra 
Feb. 11 Fifty 3-cent stamped envelopes... 1. 
Feb. 16 Postage for mailing proceedings 
and papers to Editor of Jour- 
NALOF Economic ENtomoLocy 1 
Nov. 14 Fifty 3-cent stamped envelopes.. 1. 
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Three hundred 1}-cent stamped 
envelopes for mailing notices of 
Tampa meeting 


1939 


Fifty 3-cent stamped envelopes. . 

Golden Rule Press for printing 
400 announcements of Tampa 
meeting. ... + 

Sommer Badge Mfg. Co. for 125 
badges for Tampa meeting 

Fifty 3-cent stamped envelopes. 

Fifty 3-cent stamped envelopes 

Three hundred 14-cent stamped 
envelopes for mailing pro- 


grams of Tampa meeting 
Golden Rule Press for printing 
500 programs of Tampa meet- 
_ 
Fifty 3-cent stamped envelopes 


17.50 
1.63 


$123.65 


Amount spent during year. 


Amount on hand 
Feb. 21, 1939. . $178.46 
Respectfully submitted, 
Outver I. Snapp, 
Secretary-Treasurer 
Corton States Brancn, 
AMERICAN AssocIATION or Economic 
ENTOMOLOGISTS 
Fort Valley, Ga. 
February 20, 1939 


FINAL BusINESS SESSION 


Chairman C. O. Eddy called for the report of 
appointed committees. 
he auditing committee reported that their ex- 
amination of the financial report made by the 
Secretary-Treasurer revealed that it was accurate 
and correct. This report was accepted and a certifi- 
cate presented to O. I. Snapp. 
The publications committee requested that all 
authors forward their papers direct to Dr. T. H. 
Frison, Editor of the Journat or Economic En- 
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TOMOLOGY, if said papers were not ready for sub- 
mission before adjournment. 

The following resolutions were presented and 
adopted: 

The Resolutions Committee submits the follow- 
ing: 

The Cotton States Branch of the American 
Association of Economic Entomologists having held 
its Fourteenth Annual Meeting at Tampa, Fla., 
February 21-23, 1939, expresses appreciation and 
thanks 

(1) To Mr. E. R. Sasscer, President of the 
American Association of Economic Entomologists 
for his attendance and greetings of the parent 
Association. 

(2) To the Newell Entomological Society and the 
Florida Entomological Society, our hosts, and their 
committee on arrangements, namely, John T. 
Creighton, W. V. King, J. H. Montgomery, R. L. 
Miller, W. W. Yothers, J. P. Toffaleti, W. P. Dean, 
Frank L. Holland and Wilmon Newell, for their 
efforts in making this meeting a success. 

(3) To the Hillsboro Hotel for the excellent facili- 
ties for the general sessions and for committee 
rooms. 

(4) To the press for favorable publicity. 

(5) To the numerous firms and organizations who 
contributed materially to the host societies. 

E. W. Dunnam 
O. L. Cartwricut 
M. V. Kine 

The nominations committee recommended the 
following for the year 1939-1940: 

Oliver I. Snapp, Fort Valley, Ga., Chairman 

L. L. English, Spring Hill, Ala., Vice Chairman 

John T. Creighton, Gainesville, Fla., Secretary- 
Treasurer 

A motion was made and seconded that nomina- 
tions be closed and that the Secretary be instructed 
to cast a single ballot for the election of those men 
recommended by the nominations committee. This 
was favorably acted upon by the membership. The 
new Chairman, Mr. Snapp, took over the gavel at 
3:15 p.m., and final adjournment was proclaimed 
shortly thereafter. 

Joun T. CREIGHTON 
Secretary- Treasurer 











